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i itie: Detection cf criming and coatino media 
Field of the invention 

This invention concerns methods and apparatus for detecting the presence in or on 
a surface, particularly for identifying the presence of different printing or .coating 
media and particularly detecting and identifying optically variable materials in or on 
printed or coated surfaces. The invention is especially concerned with the detection 
of optically variable materials on security documents such as, but not limited to 
banknotes, passports, driving licences, identity cards, bank and credit cards, 
security passes, and the like. Typically materials are inks, dyes and varnishes. 

Backqrouna to the invention 

In the security document printing industry, it is commonplace to provide areas on a 
document with specific optical characteristics which can be identified by illumination 
in a predetermined way at a particular wavelength and/or polarisation. Examples 
include the use of holograms and gratings incorporated onto such documents. It has 
been proposed to incorporate in or on such a document one or more regions of an 
Optically Variable Material, henceforth referred to as OVM. 

An optically variable material (OVM) can comprise any material which changes 
colour depending; on the angle at which a surface containing the material is viewed, 
and includes pearlescent materials, iridescent materials, liquid crystalline materials 
and OV inks such as sold under the trade name OVI by Sicpa SA of Lausanne, 
Switzerland. 

It is a property of an OVM that a region printed or coated using such a material will 
appear differently coloured depending on the viewing angle and the angle of 
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illumination. In one example if a flat printed surface containing one particular OVM is 
illuminated by whits light at an angle of 45° to the normal, the OVM appears purpie 
to the human eye when back scattered light is viewed, orange when direct 
(specular) reflection is viewed, and green if viewed along the surface of the paper, 
that is at a glancing angle. 

OVM inks generally fall into two categories, non-pearl escent and pearlescent. The 
optical characteristics of such inks are different and both again differ from the optical 
characteristics of a non~OVM (metallic) ink. 

It is an object of the present invention to provide a method and apparatus for 
detecting the presence of an OVM in or on a surface, typically the surface of a 
security document. 

It is another object of the present invention to provide a method and apparatus for 
detecting, and identifying the type of r OVM in or on a surface, typically the surface of 
a security document. 

It is another object of the present invention to provide a method and apparatus for 
illuminating, and responding to reflected light from, a surface, and which is adapted 
to generate a signal indicative of material present in or on the illuminated surface. 

Summary of the invention 

According to a first aspect of the present invention a method of detecting the 
presence of a non-pearlescent OVM in or on a surface, comprises the steps of 
illuminating the surface at a first a*igle to the surface and detecting and determining 
the frequency spectrum of scattered light in two different directions from the surface, 
one direction subtending an angle to the surface which is substantially different from 
the said first angle and is substantially parallel to the plane of the surface, and the 
other direction subtending an angle to the surface which is substantially closer to the 
said first angle than the said one direction. 
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in a preferred method .the ancle of the one direction, to the surface (the second 
ahgie) is in the range 1° to 15° anc the "angle made by the other direction tc the 
surface (the third angle) is within 10 c of the said first angle. 

In a particularly preferred method the said second angle is 10° and the said third 
angle equals the said first angle. 

According to a second aspect of the present invention a method of detecting the 
presence of a pearlescent OVM in or on a surface comprises the steps of 
illuminating the surface at a first angle and firstly detecting and determining the 
frequency spectrum of substantially direct specular reflection from the surface, and 
secondly detecting and determining the frequency spectrum of scattered light 
leaving the surface at an angle which is different from that at which direct specular 
reflection occurs. 

In one method incorporating this second aspect of the invention the second 
detection is of forwardly scattered light. 

Typically the forwardly scattered light is detected at an angle to the said surface 
which is in the range 1° to 15°, preferably 10°. 

In another method incorporating this second aspect of the invention the second 
detection is of back scattered light 

Typically the back scattered light is detected at an angle within 10° of the direction in 
which illuminating light is projected towards the surface, and preferably is detected 
at substantially the same angle as that which the illuminating light makes to the said 
surface. 

In methods incorporating either the first or second aspect of the invention the two 
detections may be performed in succession one after the other or simultaneously. 
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Where the detections are performed in succession a single detector may be 
employed, which is moved between the two positions to allow light which is being 
reflected from or scattered by the surface in the different directions of interest to be 
intercepted. 

Alternatively where a plurality of detectors is provided each fixed in position to 
intercept reflected or scattered light as appropriate, the detectors may be separately 
interrogated either one after the other, to provide a succession of intensity values or 
simultaneously to provide a corresponding plurality of intensity values. 

The spectral determination of the light incident on the or each detector may be 
performed by the detector if a suitable photo-sensitive element or a combination of 
one or more filters and at least one photo-detector is employed for the or each 
detector which will supply different signals or different values of a parameter of a 
signal, depending on the wavelength of light incident thereon. 

The illuminating light may be white light or more preferably the light is made up of 
two or more distinct monochromatic components having different (known) 
wavelengths. 

According to a third aspect of the present invention a method of determining if a 
surface contains a specific OVM comprises the steps of illuminating the surface 
using light containing two substantially monochromatic components of wavelength 
Ai and A 2 , detecting the intensity of scattered light from the surface at the two 
scattering angles 01 and 0 2 selected according to the OVM of interest, computing 
the magnitude of the difference between the intensity values for Ai light at 01 and 
02, less the difference between the intensity values for A 2 light at 0 t and 0 2 , and 
generating an output signal indicating the presence or absence of the specific OVM 
depending on the computed difference magnitude relative to a predetermined value. 
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Typicaiiy the computed difference value' magnitude is compared with the 
. predetermined value to generate a first output signal value indicating the presence 
of the specific OVM if the computed magnitude is at least as great as the 
predetermined value, or a second output signal value indicating that the specific 
OVM has net been detected, if the computed magnitude is less than the 
predetermined value. 

in a method incorporating the said third aspect of the invention, the surface may be 
illuminated by the two monochromatic components simultaneously, or preferably 
separately first with monochromatic light of one wavelength Ai and then with 
monochromatic light of the second wavelength A 2 . 

Detection may be performed by a single detector which is moved between two 
positions so as to receive light reflected/scattered from the surface first at one and 
then the other of the two angles 0 1 and 0 2 , or more preferably by means of two 
detectors which are positioned so as to receive light from the surface along the 
directions dictated by 01 and 0 2 . 

Where one detector is employed the values of signals from it at the two different 
positions may need to be modified to take account of any inherent differences in 
intensity of the originating illuminations incident on the surface due for example to 
different intensity levels and/or any misalignment of the sources of the A1 and A 2 
light 

Where two detectors are employed the values of the signals from one or both 
detectors may also need to be modified to take account of any inherent differences 
in the responses of the two detectors to light of given intensity incident thereon, and 
any misalignment of the detectors. 

A method incorporating the said third aspect of the invention therefore preferably 
includes a calibration procedure in which the light is projected towards and the 
reflected/scattered light is received from, a non OVM containing matt white surface. 



XXI D: <WO 02317B0A2_I_> 



WO 02/31780 PCT/GB01/04569 



According to a fourth aspect of the invention in a method incorporating the said 
third aspect of the invention the absolute value of the computed difference value 
may be compared with a range of possible values, the different values in the range 
corresponding to differing concentrations of the specific OVM in or on the surface 
under test. 

Preferably the light projected onto the surface is collimated. 

Where two detectors are employed as is preferred, the signals from each detector 
may be gated or addressed in synchronism with the changing wavelength of the 
illuminating light, so that during each gating or addressing period the wavelength of 
the incident light is known and there is no light of the other wavelength present to 
confuse matters. 

The values of Ai and h 2 and 0, and 0 2 are selected by reference to information 
obtained by interrogating light reflected/scattered by a surface containing the OVM 
of interest at different angles to the surface, as described herein. By recording the 
results of such tests at the different angles, two wavelengths and two angles which 
give best reflection/scatter for those wavelengths, can be determined as being 
unique to surfaces containing that OVM. 

Calculation of the difference magnitude in a way which compensates for variations 
in intensity between one wavelength component and the other, variations due to 
misalignment, and variations between detector responses, is achieved by 
calculating the difference magnitude M using equation (1). 

M = KK1R1 - K2R2- A*(KiG< ~K 2 G 2 )j (1) 

where R and G represent the reflectance signal intensity values outputted by the 
photo-detectors at the illuminations of A1 and A2 respectively, the subscripts of R and 
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G denoting measurements made by the two detectors at the scattering angles of £, 
and 02- 

Since adjustment of the relative intensities, alignment of the two sources of Ai and K 2 
illumination, and alignment of the detectors will cause variation in the magnitude of 
the detector output signals, the calibration constants Kt and K 2 are included to allow 
for misalignment and differences in the photo-detector responses at 01 and 0 2 
scattering angles. 

The calibration constants Ki and K 2 may be set by adjusting the gains of the 
detector output signal amplification. 

The scalar constant A normalises for differences in the detector responses and 
alignment relative to the A t and A 2 illuminations. 

A method of calibrating the detector involves inserting a plain matt white surface in 
place of the surface to be tested, and adjusting the values of Ki and K 2 so that K1R1 
= K2R2 = 1 . The scalar A is then adjusted to give M = 0 with the matt white surface. 

The generation of a YES/NO signal is typically achieved by comparing the 
computed value of M with a predetermined value T, itself derived by computing M 
from a surface containing a known minimum concentration of the OVM of interest. 

Preferably, a plurality of different values of M are computed using a plurality of 
samples each containing a different (known) concentration of the particular OVM 
and storing same to form a range of values of T for comparison with computed 
values of M from surfaces having an unknown concentration of the OVM thereon. 

Substitution of the white surface with a sample having a printed or coated surface 
allows the sample surface to be checked for the presence of the particular OVM. If 
the OVM is present, the magnitude of M will equal or exceed the predetermined 
threshold value T, and if not, the magnitude of M will be less than the threshold. 
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Since the magnitude of M will vary with quantity of OVM present (i.e. concentration 
for a given constant area), the range of possible values for M, for a given range of 
samples each containing the same OVM, can be thought of as comprising a "grey 
scale" output representative of the quantity of OVM ink present, and to this end a 
look up memory may be provided for each OVM containing different values of T for 
differing concentrations of that OVM. 



The invention also lies in apparatus adapted to perform any of the methods so far 
described herein as incorporating or comprising the invention or an aspect of the 
invention. 

According to the invention there is provided apparatus by which an output signal is 
generated indicative of the presence of a specific OVM in or on a surface under test 
comprising: 

1. A light source which produces and projects along a projection axis 
monochromatic light at each of two wavelengths Ai and A 2 selected according to 
the specific OVM of interest; 

2. Means for locating the surface under test to receive the light with the projection 
axis at a specific angle to the surface; 

3. Two photodetectors, the first of which is located to receive light reflected at a first 
scattering angle 01, and the second of which is located so as to receive light 
reflected at a second scattering angle 0 2 , fi om the surface, each photodetector 
producing an analogue signal indicative of the intensity of light incident thereon; 

4. Means for adjusting the intensities of the At and A 2 illuminations; 

5. Means for amplifying the signals from the photodetectors; 
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6. Means for computing the value of the magnitude of the difference between the 
amplified intensity values for A< light reflected/scattered from the surface at 0- 
and C 2 less the difference between the amplified intensity values for A 2 light 
reflected/scattered from the surface at £?•, and 0 2 ; 

7. Means for generating an output signal dependent on the magnitude of the 
computed difference value to indicate the presence of the material on the 
surface. 

A YES/NO output signal may be obtained by comparing the output signal with a 
reference. 

Preferably the illumination intensities and the gains of the amplifying means are 
adjusted to calibrate the apparatus, during a calibration step; 

It is preferable for the light source to comprise a pair of LED's, one which emits near 
monochromatic light at or near Ai and the other at or near A 2 , and the light from the 
two LED's is projected along a common axis. 

Preferably the angle of incidence of the light upon the surface should be at or close 
to 45 degrees. 

Preferably projected light is collimated. 

Preferably the photo-detector means comprises a pair of photo-diodes. 

It is preferable for each photo-detector to be associated with a lens for focusing light 
onto the diode, and that this lens should have an aperture optimised to limit the 
angular range of scattered light incident on the detector, but allowing appropriate 
and practicable levels of light through. 
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It is preferable for the apparatus to include a puised power supply for the two LED's 
such that the two LED's are operated alternately. The repetition rate of the two 
LED's may be in the range 1KHz up to 1MHz or higher, limited only by the time 
response of the photo-detectors. 

The apparatus may be electronically hard wired or may supply signals to, and be 
controlled by, a computer with a suitable interface and data acquisition card. In the 
case of a general purpose computer, the chosen method is performed by suitably 
programming the computer to make measurements on and/or compute differences 
and/or ratios between, the output signal values to produce a classifying signal for a 
surface under test. 

Typically the interface or the apparatus includes analogue signal amplifying means 
and an analogue to digital converter for supplying digital signals to the data 
acquisition card. 

Although the method and apparatus so far described enables the presence or 
absence of specific OVM to be distinguished, according to illumination wavelengths 
and scattering angles used, and for OVM to be distinguished from certain other 
OVM and non-OVM, and can produce a "grey-scale" output representative of the 
amount or quality of an OVM present on a surface, the invention also provides an 
alternative method and apparatus to distinguish between pearlescent OVM, non- 
pearlescent OVM, and non-OVM in or on a surface. 

According therefore to a fifth aspect of the invention, there is provided a method of 
determining if a surface contains a specific material comprising the steps of: 

(1) detecting the intensity of the light reflected or scattered by the surface at a third 
angle 0 3t such that 0i corresponds to back scattered light, 0 2 corresponds to a 
near specular reflection, and 0 3 corresponds to light leaving the surface at a 
glancing scattering angle, 
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(2) generating rhree output signals by computing hue ratios ha,. h C2 and h 03 , using 
the pairs of intensity values frcm each of the three detectors for the two 
monochromatic A-, and A : components of illumination, and 

(3) comparing the computed hue ratios with a predetermined group of three stored 
values, obtained by experiment, to generate a final output signal whose value 
depends on the comparison. 

Preferably the intensity values from the detectors are adjusted to compensate for 
background light by measuring and storing the detector output signal value when a 
surface is present but no Ai orA 2 illumination is incident thereon. 

In the fifth aspect of the invention the angles are preferably selected as being 0,= 
45°, 02= 90° and 0 3 = 110°. 

It has been found that by carefully selecting not only the values for 0,, 0 2 and 0 3l 
but also carefully selecting the values of Ai and A 2 , it is possible to employ the 
method to indicate not only if a particular OVM is present, but in the case of surface 
coatings and inks, to indicate whether the coating or ink is a pearlescent OVM, a 
non-pearlescent OVM, or a non-OVM substance, and in the case of the latter to 
distinguish between matt and glossy coatings. 

Preferred values for Ai and A 2 which enable such identification to occur are: 
Ai= 654nm and A 2 = 574nm. 

Groups of values for the three hue ratios can be obtained by performing the method 
according to the fifth aspect of the invention and noting and storing in groups of 
three, the three hue ratio values for surfaces containing different (known) coatings 
or inks in a look-up memory, each group of three values having stored therewith or 
linked thereto data indicating the material producing those three values. This look- 
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up memory can then be employed to identify an unknown material in or on a surface 
subsequently subjected to the method. 

The invention can be employed to distinguish between and thereby identify matt 
inks, glossy inks, OVM inks, and pearlescent OVM inks and according to the 
invention a method of determining the material present in or on a surface for which 
three hue ratios h 0 i, h 02 and h e3 are determined according to the fifth aspect of the 
invention as between a matt ink, a glossy ink, an OVM ink, and a pearlescent OVM 
ink by checking the hue ratios using the following criteria: 

(i) if h 0 i, h 02 and h 03 are substantially constant with scattering angle (and have 
a value which is not tending to unity) this indicates a matt ink, 

(ii) if h 02 tends to unity and h 0 iand h 03 are significantly different from unity, this 
indicates a glossy ink, 

(iii) if h 0 i, h 02 and h 0 3 decrease with increasing scattering angle, and the 
. decreases tend to be substantial, this indicates an OVM ink, 

(iv) if specular reflection produces a more saturated colour resulting in the h 02 
ratio diverging from unity, this indicates a pearlescent OVM ink 

Preferably the angle of incidence of the illuminating light on the surface is at or near 
45° 

Preferably the angles of detection are selected as: 0^ 45°, 0 2 = 90° and 0 3 =1 10° 
Preferably also the illuminating light is collimated. 

The invention also lies in apparatus adapted to perform the modified method 
provided by the fifth aspect of the invention, comprising: 
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(1) a light source which produces and projects along a projection axis 
monochromatic light at each of two wavelengths A« { and A?.. 

(2) platform means for locating a surface under test to receive the light with the 
projection axis at a specific angle to the platform, 

(3) three photo-detectors located relative to the platform so as to separately receive 
reflected/scattered light from a surface thereon at three different angles 0 1f 0 2l 
and 03, where 0 1 corresponds to back scattered light, 0 2 to near specular 
reflection and 0 3 to light leaving the surface at a shallow angle ( a glancing 
scattering angle), 

(4) means for adjusting the intensities of the Ai and A 2 components of illumination, 

(5) means for amplifying the signals from the photo-detectors, 

(6) means for computing the ratio of the response of each photo-detector to the two 
different wavelengths in the reflected/scattered light incident thereon after taking 
background light into account, 

(7) comparator means for comparing the three ratio values so obtained with at least 
one set of three stored values, and generating an output signal dependent on the 
comparison. 

The comparator means may generate either a YES/NO signal in response to the 
comparison depending on whether or not the three computed values are similar to 
the three stored values, or an identification signal indicating which of a plurality of 
groups of stored values (each comprising a group of three such values) the three 
computed values most closely correspond. 

Preferably the photo-detector output signals are adjusted for background 
illumination before the hue ratios are computed. Background intensity level is 
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obtained by noting each photo-detector output signal value with the surface in place 
but when no A, cr A 2 illumination is present. This vaiue may be deducted from 
subsequent output signals from that phcto-csiecicr obtained when the surface is 
illuminated by and A 2 illumination. 

The apparatus may be electronically hard wired or may supply signals to, and be 
controlled by, a computer with a suitable interface and data acquisition card. In the 
case of a general purpose computer, the chosen method is performed by suitably 
programming the computer to make measurements on and/or compute differences 
and/or ratios between, the output signal values to produce a classifying signal for a 
surface under test. 

Typically the interface or the apparatus includes analogue signal amplifying means 
and an analogue to digital converter for supplying digital signals to the data 
acquisition card. 

According to a sixth aspect of the invention a further method of identifying the 
presence of a particular type of material on a printed or coated surface, comprises 
the steps of: 

1. Illuminating the surface at a pre-set angle to the surface with substantially 
monochromatic light at three wavelengths A 1? A 2 and A3 selected in accordance 
with the particular type of material, 

2. Detecting light reflected from the surface at three different angles 0 1f 0 2 and 0 3 , 
one of which 0 2 corresponds to a near specular reflection and the other two of 
which are selected in accordance with the particular type of material and are at 
or near to those at which the illumination wavelengths give good reflectance 
changes for the particular type of material. 
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3. Computing 3 hue values from the intensity values determined by each detector 
for each cf the three monochromatic illumination components A-., X 2 and A 3l 
thereby to przduce'9 hue values relating to the surface, 

4. Comparing the 9 values so obtained with S stored hue values, obtained by 
performing the method on a surface containing some of the particular type of 
material, 

5. Generating a final output signal whose value depends on the comparison. 

The final output signal may be in binary format and posses one value only if identity 
or near identity is obtained by the comparison, thereby indicating that the particular 
type of material is present 

Preferably the hue values are computed after taking into account and adjusting the 
photo-detector output signals for any background illumination. This may be achieved 
by noting the. photo-detector output signals with the surface present but in the 
absence of any Ai, A 2 or A 3 illumination. 

Preferably, the comparison is performed by calculating the nearest neighbour 
classifier using the 9 stored hue values for the particular material. 

The nearest neighbour classifier may be computed by summing the squares of the 
differences between the computed hue values and stored hue values and 
comparing the sum with a threshold. In the case of identity the value of the sum is 
zero and near identity situations can be identified if the sum value is less than a 
small numerical value selected for the threshold. 

Computation of the nine hue values r#i g$i etc., for the three detectors receiving 
reflected/scattered light at the angles 0 1f 0 2 and 0 3 at the wavelengths A 1t A 2 and 
A3, each of which produces an intensity value in the detector output of R*, G*, or 
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respeciively, and where the background illumination produces an intensity value 
D*i, D^etc, in the detector output, is achieved by using the equations: - 

r> t = ( R*rD«i ) / ( R#i + G^i+ B t i - 3D*i ) 
g.i! = ( G 4 i-D t i ) / ( R*i + G*i+ B + i - 3D 4 i ) 
b + i = ( B*,-D + i ) / ( R#i + G*,+ B + i - 3D t i ) 
r> 2 = ( R<t.2-D +2 ) / ( R42 + G* 2 + B$ 2 - 3D* 2 ) 
g* 2 = ( G42-D42 ) / ( R*2 + G +2 + B^ 2 - 3D*2 ) 
b* 2 = ( B*2-D*2 ) / ( R+2 + G* 2 + B^ 2 - 3D* 2 ) 
r* 3 = ( R*3-D^ 3 ) / ( R+3 + G*,+ B* 3 - 3D +3 ) 

g* 3 = ( G*3-D^ 3 ) / ( R* 3 + G +3 + B*3 - 3D +3 ) 

b* 3 = ( B+3-D43 ) / ( R43 + G* 3 + B* 3 - 3D +3 ) 

where R^, 1,2,3 are X1 illuminated signal from detectors at scattering angles of 01, 
0 2l and 03 respectively; G+1,2,3 and are the same but for X 2 and X 3 

illumination respectively. 

Calibration may be achieved by performing the method using a surface containing 
the particular material of interest and computing the 9 values r t i, g +1 etc., and storing 
the computed values as ai, a 2 , a 3> Bi, B 2 , B 3| Yl Y2, Ys- 

Nearest neighbour computation may be performed using the following formula: 

D = (r +1 - ai) 2 + (g*i - (B1) 2 + (b + i -n) 2 
+ (r* - a 2 ) 2 + (g* 2 - J3 2 ) 2 + (b*2 - y 2 ) 2 
+ (r 43 - a 3 ) 2 + (g*3 - 3s) 2 + (b* 3 - ys) 2 

The method just described may be used to distinguish between OVM's, non-OVM's 
and matt and glossy inks, and also enables small variations in OVM quality or 
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quantity to be detected. Tolerance to such variations can .be Increased by alterina 
the value of the threshold, albeit at the expense of the liks!ih:cd of miss- 
classification. 

Multiple material type classifications can be performed by pre-storing different a, (3, y 
values for different pre-measured samples and performing nearest neighbour 
threshold classification using each of the stored a, 3, y value sets, until the lowest 
value of the sum is obtained, indicating the best match. 

Apparatus adapted to perform the method of the sixth aspect of the invention 
comprises: 

(1) three monochromatic light sources producing light of ki X 2 and \ 3 wavelengths, 
the particular wavelengths being selected in relation to the material to be 
identified, 

(2) means for projecting the light at a particular angle towards a support means on 
which a sheet of material the surface of which is to be investigated can be laid, 
the angle being selected in relation to the materials to be identified, 

(3) three photo-detectors arranged relative to the support means to receive 
reflected/scattered light along three different directions therefrom, the directions 
being selected in relation to the material to be identified; 

(4) computing means adapted to receive intensity signals from the three detectors 
and compute therefrom nine hue values corresponding to ratios of intensity 
signal values and combinations of such signal values, from each detector; 

(5) memory means adapted to store at least one set of nine hue values obtained by 
using a sheet of material containing at least in or on the surface thereof the 
material which is to be looked for in other surfaces, 
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(6) comparison means for comparing computed and stored hue vaiues to generate a 
binary output signal one value of which is generated only if identity or near 
identity exists between the computed and stored hue vaiues. 

Preferably the hue values are computed after taking into account, and adjusting the 
photo-detector output signals for, any background illumination. This may be 
achieved by noting the photo-detector output signals with the surface present but in 
the absence of any Ai, A2 and A3 illumination. 

The comparison means may comprise a computing means adapted to compute the 
sum of the squares of the differences between the computed and stored hue values. 

Preferably the projection angle is 45°. 

Preferably collimating means is provided to collimate the projected light. 
Preferably each photo-detector comprises a photo-diode. 

Preferably lens means is provided for focusing reflected/scattered light from the 
surface onto the photo-diode. 

Preferably the Jens means has an aperture which is selected so as to limit the 
angular range of scattered light which will reach its associated photo-detector. 

Preferably each of the monochromatic light sources is an LED. 

It is preferable for the apparatus to include a pulsed power supply for the LED's, 
such that the three LED's are operated alternately in series, with an off period to 
allow background light to be measured. The repetition rate of the LED's preferably 
occurs in the range 1 KHz up to 1 MHz, or beyond and is only limited by the time 
response of the photo-detectors. 
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The apparatus may be electronically hard wired or may supply signals to. and be 
controlled by: a computer vv ; th-a suitable interface and data acquisition card. In :he 
case of a general purpose computer, the cncsen method Is performed by suitably 
programming the computer to make measurements on and/or compute differences 
and/or ratios between, the output signal values to produce a classifying signal for a 
surface under test. 

The invention also lies in a method of identifying a material in or on a surface 
comprising performing any two or more of the different methods as aforesaid in 
parallel, on output signals from photo-detectors in receipt of light from the surface at 
two or more, different angles, and generating a final classification or acceptance 
signal depending on the results obtained from the two or more identifications, and in 
apparatus adapted to perform in parallel the two or more methods as aforesaid. 

By the expression in parallel is meant simultaneously in time, or one after the other 
in quick succession with the results of the first method being stored for combining 
with the results of the second and any other method to produce the final 
classification or acceptance signal. 

Typically the interface or the apparatus includes analogue signal amplifying means 
and an analogue to digital converter for supplying digital signals to the data 
acquisition card, or the latter includes an A/D converter. 

The invention is of particular use in the field of article authentication, such as 
checking passports, . ID • cards, . driving licences, bank notes, bonds, share 
certificates, postage stamps, and other security documents, although it is to be 
stressed that the invention is not limited to this type of use, and the above are in any 
case only intended as examples of documents which can be checked. 

In so far as inks, dyes and varnishes can be applied to any suitable surface, the 
invention is not limited to the authentication of documents, but can be used in 
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connection with any article having a suitable surface to which an OVM can be 
applied. 

In general the area of the coated or impregnated surface which is to be illuminated 
and from which reflected/scattered light is to be detected, needs to be flat. However 
the area concerned need only be relatively small, but if so the area on which the 
illuminating light is to fall needs to be restricted so as to correspond to the size of 
the flat area which can be checked using reflected/scattered light therefrom. 

It is worth noting that the time required for a test to be performed can be very short if 
the light illuminating the surface can be turned on and off very quickly and the 
detector can respond equally quickly. Therefore provided articles can be presented 
to and removed from an illuminating and detecting device at high sped, and can be 
routed differently after presentation, depending on whether the light received by the 
detector causes an appropriate signal to be generated or not, the speed at which 
articles can be detected is more likely to be limited by the speed at which they can 
be moved into and out of the position at which the test can be performed, rather 
than on the speed at which the test can be performed by the device. 

Although the ability to perform a test on a surface very quickly enables the invention 
to be incorporated into a process requiring a large number of articles to be checked 
per minute, it is not limited to such applications, and it may be employed in a device 
to which articles are supplied on an occasional basis, such as an off-line security 
document verification/authentication device. The result of the test to establish 
whether the article is genuine or not will be available almost instantaneously, 
thereby involving little or no delay in the processing of articles which need to be 
verified/authenticated. 

The invention may be employed in the field of quality control for on-line checking 
that particular inks, dyes or variables have been satisfactorily applied to articles. 
Thus the invention is of application in the field of on-line checking of OVM coated 
sheet material before, during or after being printed or coated with other non-OVM 
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material, depending on whether the OVM material is applied to the sheet material 
before during or after the ether non-OVM material is apoiied thereto.. 

The invention may thus be employed in the quality control of sheet material which is 
to be printed to form security documents such as bank notes where OVM is applied 
to some or al! of the surface of the sheet material before it is printed to form the 
documents. 

The invention may also be employed in the quality control of a process of printing 
sheet material in which OVM is applied to the surface of the sheet material during or 
after the printing process. 

In the field of quality control of coated sheet material linear speeds of the sheet 
material of the order of 2.4 metres per second are typical. 

Bank note sorting as between one denomination and another or separating possible 
forgeries from genuine notes using currently available identification techniques, is 
typically performed with linear speeds of the notes through the inspection station of 
the order of 10 metres per second. However the speed of operation of apparatus 
operating in accordance with the present invention, to sort notes incorporating OVM 
on the basis of OVM response criteria, will enable linear speeds of notes through 
the inspection station to be at least 20 metres per second. 

Thejnvention therefore also lies in a method of checking an article containing OVM 
in at least some of the surface to determine if the correct OVM has been employed, 
in which a surface of the article is illuminated and light scattered/reflected from the 
surface is detected and an output signal generated in accordance with any of the 
previously described methods for detecting or determining an OVM in or on a 
surface, and in which an appropriate criterion is selected for generating an 
acceptance signal therefrom. 
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The invention also lies in a method of checking an article containing a particular 
OVM to determine if the. OVM is present in a particular region of a surface of the 
article, in which the article is positioned relative to a source of illumination and to 
detectors for receiving reflected/scattered light therefrom, with only the particular 
region of the surface being subjected to the illumination, and an output signal is 
generated in accordance with any of the previously described methods for detecting 
or determining an OVM in or on a surface, and in which an appropriate criterion is 
selected for generating a final output signal indicating whether or not the particular 
OVM is present 

The invention also lies in a method of checking an article containing OVM in at least 
some of its surface to determine if the latter is present above some minimum 
concentration measured as quantity of OVM per unit area, in which the article is 
positioned so that the surface will be ilfuminated and light reflected/scattered 
therefrom will be detected and an output signal will be generated in accordance with 
any of the previously described methods for detecting or determining OVM content 
of a surface, and in which an appropriate criterion is selected for generating a final 
signal indicating whether or not a particular concentration of the OVM is present. 

The invention also lies in checking apparatus for performing any of the aforesaid 
methods of checking an article. 

In any of the foregoing methods or apparatus the sheet/substrate/article containing 
the surface of interest may be static or moving during the illumination step, and may 
be undergoing printing or coating with the OVM and/or other materials, or may have 
been so printed or coated in a previous process, or may comprise a finished article 
such as a security document 

Checking apparatus as aforesaid may be fitted to or located downstream from a 
coating or printing apparatus applying at least OVM to sheet material passing 
therethrough to thereby enable on-line checking of OVM applied to the sheet 
material by the coating or printing apparatus, to be monitored. 
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Checking apparatus as aforesaid may be fitted to a document handling apparatus to 
enable documents ic be sorted according tc the OVM found to be present in or on .a 
surface of each document. 

Checking apparatus as aforesaid may be incorporated in a cash dispensing 
machine, a banknote acceptor, or banknote-sorting machine in which the banknotes 
incorporate OVM in or on their surface. 

The invention will now be described by way of example with reference to the 
accompanying drawings in which: 

Description of drawings 

Figure 1 illustrates an optical arrangement by which the reflectance of different 
inked/coated surfaces can be determined in relation to the wavelength of the 
incident light, for different incidence and observation angles, 

Figure 2 is an explanatory diagram indicating scattering angle (9 S ), 

Figure 3 is a similar diagram indicating photo-detector angle (9 d ), 

Figures 4A, 4B, 4C, 4D and 4E are graphical illustrations of experimental results 
obtained for the spectral properties of different sample inks using the system of 
Figure 1 , 

Figure 5 is a layout diagram of an optical arrangement for determining reflectance 
characteristics of a surface, 

Figure 6 is a layout diagram of an optical arrangement containing a viewing window, 
two LED light sources and two detectors for determining the reflectance 
characteristics of a printed/coated surface in the viewing window, 
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Figure 7 is a schematic diagram of the centre! circuit for alternately powering the two 
LED sources of Figure 6, 

Figure 8 is a schematic diagram of a classification circuit adapted to receive 
analogue signals from the two detectors of Figure 6, 

Figure 9 is a layout diagram of an optical arrangement containing a viewing window, 
two LED light sources and three detectors, for determining the reflectance 
characteristics of a printed/coated surface in the viewing window, for use with and 
A-D converter and digital signal processing computer, 

Figure 10 is a schematic diagram of the control circuit for alternately powering the 
two LED sources of Figure 9, using digital signals derived from an A-D converter 
driven by the computer, 

Figure 11 is a schematic diagram of a signal processing circuit for amplifying 
analogue signals from the three detectors of Figure 9, before conversion to digital 
signals for processing by the computer, 

Figures 12, 13 and 14 are exemplary computer programs for controlling and 
handling output signals from the detectors of Figures 9-11, 

Figure 15 is a layout diagram of an optical arrangement containing a viewing 
window, three LED light sources and three detectors, for determining the reflectance 
characteristics of a printed/coated surface in the viewing window, for use with an 
analogue acquisition card with a computer used for digital signal processing. 

Figure 16 is a schematic diagram of the control circuit for alternately powering the 
three LED sources of Figure 9, using digital signals derived from an analogue 
acquisition card driven by the computer. 
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Figure 17 is a schematic diagram of the amplifier circuit for the photodicces prior to 
acquisition by a computer driven analogue acquisition card. 

Figure 16 is a flow chart of a computer program for -implementing a first method 
(method I) to be described, 

Figures 19(a), (b) and (c) are graphical plots of log (hue) ratios from different pairs 
of detectors in the arrangement of Figure 9 - used to derive a logic table for use in a 
second method (method II) to be described, 

Figures 20 & 21 are graphical illustrations of hue ratio relationships with scattering 
angle for different ink types - also used to derive a logic table for use in method II, 

Figure 22 is a command and logic diagram of a program for controlling a computer 
to implement method II, and 

Figure 23 is a command and logic diagram for controlling a computer to implement a 
third method (method III) to be described. 

Details of Tables 1 2 and 3 set out at the end of this Description:- 

Table 1 is a listing of the different hues observed at different viewing angles, for 
each of twelve sample inks (numbers 1-12 in the Table). 

Table 2 indicates the optimal detector angles using 45° incident light and the optimal 
detection wavelengths of the twelve sample inks of Table 1, and additionally 
classifies a sample as OVM, pearlescent OVM or metallic. 

Table 3 lists the hue ratios measured for several sample materials by an 
arrangement based on Figures 9 & 10 using two illumination wavelengths at 654nm 
and 574nm, and three photo detector scattering angles of 45, 90 and 110 degrees. 
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Table 1 shows details of the visual properties of commercially available OVJvl inks. 
Tnese inks generally fall into two categories, non pearlescent and pearlescent. In 
Table 1 inks 1,2,3 and 12 are examples of non-peariescent OVMs, inks 5 to 11 are 
pearlescent and ink 4 is a metallic ink which is not an OVM, and is thus viewed as 
the same colour regardless of viewing angle. 

Detailed description of the drawings 

The optical reflectance characteristics of a surface coated with an ink can be 
determined as a function of wavelength using a standard commercially available 
spectrometer set up as shown in Figure 1. 

Thus in Figure 1 light from a broad band (white light) lamp 10 is projected through a 
slit 12 onto a plane mirror 14 from where it is reflected onto a first convex mirror 16. 
Light from16 is diverted towards a reflection grating 18 after which a similar path via 
a second convex mirror 20 and plane mirror 22 leads to an exit slit 24 at the focal 
point of the second convex lens (taking into account the path change introduced by 
mirror 22). 

After passing through the exit s/it 24 the now diverging light beam is colfimated by a 
convex lens 26 and a parallel beam of monochromatic light 28 is projected onto the 
inclined surface of a test sample 30. 

Light reflected by the latter is focused by an imaging lens 32 onto a photodiode 24 
the output of which is amplified by amplifier 36 to provide an output signal at 38. 

By locating the convex mirror? 16 and 20 equidistant from the slits 12 and 24 and 
the grating 18,respective!y, so the mirror 16 forms an image of the slit 12 on the 
grating, and the mirror 20 forms an image of the slit image reflected by the grating at 
the slit 24. 
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Altering the angie of the grating 18 alters the wavelength of the light In the reflected 
beam travelling towards the prism 20 r and items 12 to 24 comprise a known Hiicer- 
VVatts monochromaior. 

Tests on a particular sample 30 involve rotating the grating 18 and observing how 
the signal at 38 changes. The variation of signal can be plotted relative to 
wavelength (which is proportional to the tilt angle of 13). 

A second test can be performed by selecting particular wavelengths (by appropriate 
adjustment of the tilt angle of 18) and/or moving the position of the lens and 
photodiode combination 32, 34 relative to sample 30, so as to view the surface of 
the sample at different angles, for each wavelength of the illuminating light. In these 
tests the angle of illumination remains constant. 

A third test involves performing Test 2 v/ith the sample 30 set on other angular 
orientations relative to the axis of the beam 28 and altering the angle of the sample 
30 relative to the axis of beam 28 while making adjustments to the position of the 
lens/diode simultaneously altering the position of the diode combination 32, 24 to 
maintain a constant included angle between the beam 28 and the optical axis of line 
32. 

In Test 2 and Test 3 the variation of the signal at 38 can be observed (and plotted if 
desired) vis a vis the viewing (or observing) angle in Test 2, and illumination/viewing 
angle variation in Test 3. 

A set of curves can be obtained by varying the wavelength of the light impinging on 
the sample 30 for each of the different angles in each test. 

Figures 4(a) and 4(b) illustrate a set of curves obtained using a surface 
coated/printed with ink sample 2 of Table 1. Figure 4(a) corresponds to Test 2 and 
Figure 4(b) corresponds to Test 3 above. In each case the variations of signal at 38 
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against wavelength is plotted for each of a number of different angles 9 S (15° -120°) 
in Figure 2(a) and 8 d (15° - 70°) in Figure 2(b). 

Again using the system of Figure 1 optica! reflectance characteristics have been 
determined for all 12 inks of Table 1, for two different viewing and illumination 
configurations as follows: 

(i) Collimated illumination is incident upon the ink at a pre-set angle of 45° to the 
normal, and the reflectance spectrum is recorded as a function of the 
scattering angle Q s - that is the angle between the illumination source and the 
photo-detector as defined in Figure 2(a). 

(ii) Scattering angle is fixed at 90° and the reflectance spectrum is measured by 
varying just the angle 9 d of the photo-detector with respect to the paper, as 
defined in Figure 2(b). 

The following properties have been observed for the respective ink types: 

1. Non-pearlescent OVM inks (Samples 1, 2, 3 & 12) - these inks exhibit a definite 
reflectance peak with a half width of about 130nm, which shifts towards the blue 
end of the spectrum with increasing scattering angle. This is shown in the upper 
graph of Figure 4C for ink Sample 1. When the scattering angle is held constant 
only slight shifts in the peak are observed with detector angle, as shown in the lower 
graph of Figure 4C for ink Sample 1 . 

2. Pearlescent OVM inks (Samples 5 to 11) - the reflectance spectrum of these inks 
are relatively flat for almost all il'uminating and viewing angles, hence appearing 
"almost" white. The exception to this is when direct specular reflection is viewed 
(9 d = 9 S = 90°) at which a perturbation over a broad wavelength range is observed 
giving rise to the observed increase in colour. This is shown in Figure 4D for 
Sample ink 10. 



.0231780A2_I_> 



WO II2/317XO 



PCT/GBHI/»45fW 



29 

3. Ncn OVM metaiiic ink (Sample 4) - very little change in the soectrum Is observed 
with scattering and detector angles, as shown in Figure 4E. 

From the acquired data, the optima! wavelengths and angles for detection for the ■ 
twelve sample inks have been determined and are shown in Table 2. 

First detector and OVM detection method 

Figure 5 shows one detector arrangement by which up to three output signals at up 
to three different detector angles can be obtained using white light to illuminate a 
sample. As shown a white light source 40 projects light via a mirror 42 and imaging 
optics (lens assembly). 44 onto a sample surface 46. Reflected/scattered light is 
viewed at three different angles to the surface by three photodiodes located in 
housings 48, 50 and 52 each containing an imaging lens 54, 56, 58 and a 
photodiode 60, 62, 64 respectively. 

If the surface 46 is plain white (or a matt ink of uniform colour) the light incident on 
each of the photodiodes 60, 62 and 64 will be of substantially the same frequency 
spectrum. However if the surface contains OVM the wavelength of light directed 
towards 60 may be different from that directed towards 62 and that may be different 
again from that directed towards 64. 

In order to determine if an OVM is present, it is necessary to determine whether the 
light reflected along the different directions is of a particular wavelength. Depending 
on the criterion based on Tests 1 , 2 or 3 above or the algorithm selected to process 
the values of output signals from the photo-detectors (see methods I, II and III later) 
so the outputs from either two or all three of the photo-detectors are required. To 
cover both possibilities three filters are provided at 66, 68 and 70 each being a band 
pass filter restricting the unattenuated light to a specific wavelength or narrow band 
of wavelengths. 
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Alternatively or additionally similar filters (not shown) may be employed between the 
source 40 and mirror 42 or between the latter and the lens assembly 44 tc restrict 
the light incident cn the surface at any one time, to one of a plurality of different 
wavelengths. 

A plurality of filters may be employed in groups of two or three and different groups 
selected to produce and/or look for different wavelengths of light both towards the 
surface and/or along the two or three reflection paths from the surface required for 
any particular algorithm; 

A disadvantage of this arrangement is that much of the light from the source 40 is 
unavailable for detection by the photodiodes, since broadband white light is 
employed. However the arrangement does not require monochromatic light sources 
to be employed. 

Alternative OVM detectors and methods of detecting OVM 

The following alternative arrangements require monochromatic light sources. 

The following alternative detectors have been developed to identify and quantify the 
presence of an OVM on a surface, and some are adapted to be controlled by and to 
supply output signals to a commercially available computer fitted with a data 
acquisition card. 

In Figure 6, 2 LEDs 80, 82 and two photodiodes 84, 86 are arranged in a light-tight 
housing 88 relative to a window 90 through which the surface of a sheet of material 
92 stretched across or moving below .ne underside of the housing 88, can be 
illuminated (by the LEDs) and viewed (by the photodiodes). The light from the LEDs 
is directed towards the window and each of the diodes 84, 86 includes a lens 92, 94 
and receives light reflected from the surface below the window, at 60° and 120° 
respectively. 
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The LEDs are powered alternately from a switched power supply such as shown in 
Figure 7. The light output from each LED and the balance between them can be 
adjusted by altering the value of the variable resistors 96, 98. Timer 100 produces 
switching pulses at 5KHz to trigger first cne and then the other of two semiconductor 
devices 102, 104 and the logic device 103 ensures that if 102 is conducting 104 is 
non-conducting and vice versa. 

The switching speed can be set at any frequency governed by the response of the 
photodiodes 84, 86. Ideally the switching is set to occur at a high frequency such as 
1 MHz and the components 84,86, 100, 104 and 106 would be chosen accordingly. 

The detectors 84, 86 provide input signals to an analogue amplifying and 
classification circuit shown in Figure 8. Here the signals from both diodes are 
amplified using the different inputs of an operational amplifier 108, but the signals 
from detector "84 are subjected to pre-amplification by an "operational amplifier 110 
the gain of which is adjustable by altering the value of the feedback resistor 112. 

The circuits of Figures 7 and 8 are set up using a sheet of white paper at 92. This 
gives rise to a dc signal from both 84; 86 and the value of 112 is adjusted to 
produce a zero output signal in the output of the third operational amplifier 114, with 
the white sheet in place. 

Variable resistor 116 determines the threshold at which operational amplifier 114 
changes state to produce a current for driving indicating LED 118, and the value of 
1 16 is adjusted by replacing the white paper with a flat surface containing the OVM 
ink to which the device is to respond in use, and adjusting 116 until the LED 
illuminates. - 

Tests on a device constructed in accordance with Figures 6 to 8 using Hewlett- 
Packard HLMP-C515 and HLMP-215.LEDs and Texas Instruments TSL251 lensed 
photodiodes as items 82, 84 indicated that it could distinguish between OVM and 
non-OVM (and pearlescent) inks without error for ink samples 1, 3 and 12 of Table 
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1 , and produced a "grey scale* output representing the concentration or quality of 
the OVM ink. The switching speed was governed by the response of the selected 
diodes 84, 86 but by selecting different photodiodes, this could be increased from 
5KHz in the circuits shown, to 1 MHz if desired. 

An alternative device is shown in Figure 9. This is essentially the same as the 
arrangement shown in Figure 6 with the addition of a third photodiode 120 located 
midway between the other two photodiodes to allow signals at 90° from the 
incoming light from the LEDs to be interrogated by the third photodiode 120. The 
other items in the arrangement shown in Figure 9 are identified by the same 
reference numerals as used in relation to Figure 6 and the functionality of the 
devices is as described in relation to the earlier Figure. 

The LEDs 82 and 84 in Figure 9 may be driven by a switched power supply similar 
to that shown in Figure 7 or the power supply shown in Figure 10 in which the pulse 
generating circuit based on the 555 semiconductor device 100 is removed and 
pulses from a data acquisition card linked to a computer which operates to process 
the output signals, or from an analogue to digital converter, are supplied in place of 
the pulses from the device 100. Again the components in the remainder of the 
circuit of Figure 10 are the same as those in Figure 7 and the same reference 
numerals are used to denote the items concerned. 

No detail is shown of the analogue to digital converter since this is a proprietary item 
and the preferred device is a Pico ADC-1 1,10 channel, analogue to digital converter 
which can be obtained from RS Components under Part No. 830053. 

A personal computer (not shown) can be used to control the switching of the two 
LEDs via the ADC. 

The voltage outputs from the three photodiodes 84, 86 and 120 provide inputs to 
three operational amplifiers 122, 124 and 126 shown in Figure 11. Each includes a 
resistive feedback loop so that the gain of each can be adjusted to compensate for 
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different output signal levels from thediodes. The outputs appear on lines 123. 130 
and 132 which supply three inputs of the ADC-11 analogue to digital converter The 
latter serves to digitise the analogue signals on Hres 128, 130 arc 132 to previa- 
digital information to a computer (not snown; to enable the signals to be processed 
and analysed digitally, as well as providing synchronous LED switching signals for 
the LED control circuit of Figure 10. 

Three computer programs are set out in Figures 12, 13 and 14, each of which if run 
on a personal computer will analyse the digital data from the outputs 128, 130 and 
132 to provide a classification of an ink printed or coated surface in the window 90. 

The program shown in Figure 12 only takes the data from lines 128 and 132 of 
Figure 11 and ignores the 90° photodiode 120. The logic and processing replicates 
the operation of the circuit shown in Figure 8 and provides an output which indicates 
that an OVM has been detected if an output signal is greater than some threshold. 

The second program of Figure 13 utilises all three photodiode signals and generates 
red/green ratios at each of three scattering angles. 

Using this computer-based system, the sensor was able to identify samples 1 , 2 and 
3, 5, 7 and 1 1 from Table 1, for which the LED output of wavelengths were optimal, 
and misclassification was negligible. 

The program of Figure 13 allows a non-linear nearest neighbour classifier to be 
constructed which is optimal in the sense that it will identify the exact parameters 
that characterise a given ink. The resulting system is very ink specific and classifies 
an ink according to a given ink being present in exact quantities. Insofar as the 
device is to be used as a quality control device, this is no serious limitation and a 
classifier constructed using the computer program shown in Figure 13 will provide 
just the sort of tool required to maintain high consistent quality of OVM printed 
surfaces. 
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The third program, cf Figure 14 broadly classifies a given ink as isotropic, 
peariescent OVM or ncn-peariescent OVM. It can be seen from an analysis of the 
measure R-G ratios shewn in Tabie 3 that printed inks (both OVM and ncn-OVM) 
fail into four general categories. The first two categories cover matt and glossy inks, 
and the latter .two categories OVM and peariescent inks. Matt inks appear to exhibit 
constant red-green ratios with scattering angle, whereas glossy inks exhibit a de- 
saturation of coiour (that is the R-G ratio tends to unity) for specular reflection. On 
the other hand, OVM inks for which the sensor is optimised, exhibit a decrease in 
the R-G ratio with increased scattering angle, and these are always substantial. 
Finally the peariescent inks for which the sensor is preferably optimised (namely for 
samples 5, 7 and 1 1 ) exhibit a saturation in colour, that is a divergence from unity of 
the R-G ratio, for specular reflection. 

The non-linear classification strategy of the third computer program in Figure 14 
allows a broader classification according to ink type and an estimate of the quantity 
of ink present on the white substrate. This allows a broad classification of ink type 
and the best classification strategy is to be found by dividing the three-dimensional 
space constructed from the logarithm of the red-green signals at each of the 
scattering angles, into regions. In this way inks can be broadly classified as to type, 
and the distance from the centre of the region (which corresponds to white paper), 
provides an estimate of the amount of each ink present. This concept will be 
described later in more detail in relation to Figure 19. 

The very accurate ink identification characteristics of the second program (Figure 
13) and the broad classification characteristics of the third program (Figure 14) 
mean that an overall classifier may require two channels, one operating the Figure 
13 program, and the other the Figure 14 program, to allow overall classification and 
ink identification to be performed quickly and accurately. 

In Figure 15 the photodiodes and LEDs are housed within a housing 140. Red and 
Green LEDs 142, 144 are mounted within a block 148 and a third Blue LED 146 is 
mounted within an adjacent block 150, to facilitate the mounting of the LEDs within 
the casing. The Red and Green axes are perpendicular and the axis of the Blue 
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LED is paraile! to ins Red axis. Dichrcic mirrors 152, 154 at 45° to the LED axes 
combine the light from the three LEDs into a single axis 158 (coaxial with the Green 
axis in the arrangement shown) and a sub assembly is formed using the two blocks 
150, 152 and a thin walled bcx, two wails of which are denoted by 154, 156 which 
co-operate with the blocks and other side walls of the box to form an enclosure 
which traps all the light from the LEDs within the enclosure except light along the • 
axis 1 58 which can pass out through an aperture 1 60 in the wall 1 54. 

Escaping light is reflected by a mirror 162 mounted within the casing so a to project 
light through an imaging lens assembly 164 which can pass out of the casing 
through a window 166 in the underside thereof. 

A platform 168 associated with the casing 140 and spaced from the window 166 by 
a predetermined distance serves as a support for a substrate 170 which carries in or 
on its upper surface a coating of an ink, dye or other material which may contain an 
OVM. 

Three photo-detectors 172, 174, 176 are located within three housings 178, 180, 
182 respectively which also house focusing lenses 184, 186 and 1*88 for focusing 
light reflected by the surface of the substrate 170, at 45°, 90° and 110° relative to 
the direction of the incident light 190 from the imaging lens assembly 164, along 
axes 192, 194 and 196. 

The lens assembly 164 and the distance from the window 166 to the substrate 
surface 170 (typically 20mm) are selected so that a small spot of light some 2mm in 
diameter is formed on the substrate surface. The imaging lens assembly 164 
preferably has a 5mm aperture limiting the angular range of the illumination incident 
on the surface to + 10 degrees about the axis 190. 

In general the angle between axis 190 and the normal to the substrate surface is 
selected to be 45°. This angle is expressed in this way, since the surface may not 
be entirely flat and may even be curved, but provided the region on which light from 
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164 is incident is flat ever an area at least 2mm in diameter, and the axis 190 is at 
45° to the normal to that region of the surface, it is relatively unimportant if the 
remainder of the substrate is not ccpianar therewith. 

If checking the material in or on the same part of each of a plurality of similar 
substrates (e.g. similarly sized security documents such as banknotes) it is merely 
necessary for each document to replace the previous one in the same position 
relative to the window 166 on the platform 163. 

If checking that a continuous length of sheet material has a required material in or 
on its surface as a result of a printing and/or coating treatment, it is merely 
necessary to move the sheet material relative to the window, whilst maintaining the 
region illuminated by the light from 164 at a constant distance from the window and 
in the correct plane. 

In either event the three LEDs may be operated in rapid succession so that the 
substrate is successively illuminated by Red, Green and Blue light and the 
photodiodes are addressed at appropriate points in time corresponding to the three 
illumination intervals, so that the substrate surface and the three photodiodes are 
only presented with light of one wavelength during each illumination interval. 

Where the substrate is replaced by another to be illuminated and evaluated in the 
same way, the LEDs and/or the photodiodes may be inhibited during the 
replacement. 

Fig 16 shows how three LEDs 146, 148 150 are sequentially switched ON and OFF 
by current from pins 2, 3 and 4 of device 198 (a type, 74LS145 counter). Pin 15 of 
198 is connected to pin 3 (the Q 0 output) of device 200 (a type 74LS193 counter) 
pin 2 of which is connected to pin 14 of 198 and pin 1 of device 202 (a type 
74LS1 23 device). 
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A ICOKHz sicnai is supplied from a data acquisition card type DT7102 (net shown) 
via an amplifier 203 to pin 5 of device 200. Pin 13 of 200 provides signals to the 
card DT7102 to control the reading of the output signals cf the prciodod^s 172, 
174 and 176. 

Successive illumination of the LEDs 145, 148 . and 150 and the synchronous 
interrogation of the photodicdes 172, 174 and 175 is controlled by clock pulses 
derived from the 100KHz signal. Since each transition of the lOOKHz signal can be 
used to generate a clock pulse, the latter will be generated at the rate of 200,000 
per second. The illumination and interrogation process is performed by a succession 
of 16 clock pulses. 

The first of the 16, pulse 1 causes pin 1 of 198 to go LOW and remain LOW for 
pulses 2-4. Pulses 2, 3 and 4 cause the outputs of photodiodes 172, 174 and 176 to 
be read and stored. Since pins 2, 3 and 4 of 198 remain HIGH during this time, all 
three LEDs remain off and the outputs from the photodiodes during pulses 2, 3 and 
4 will correspond to background light reflected by the surface of 170 and received by 
each of the photodiodes. 

The fifth of the 16 pulses causes pin 1 of 198 to go HIGH and pin 2 to go LOW and 
remain LOW for pulses 6, 7 and 8. As with pulses 2, 3 and 4, pulses 6, 7 and 8 
cause photodiodes 172, 174 and 176 to be read in succession. Since pin 2 of 198 is 
LOW, the Red LED 146 will be illuminated, and during pulses 6-8 the output signals 
from 172, 174, 176 will correspond to Red light reflected from the surface of 170. 

With the arrival of pulse 9, the LOW output of 198 transfers to pin 3 causing the 
Green LED 148 to illuminate, and during pulses 10, 11 and 12 the response of the 
photodiodes to reflected Green light from the surface 1 70 is read out. 

With the arrival of pulse 13, the LOW output of 198 transfers to pin 4, causing the 
Blue LED 150 to illuminate and during pulses 14, 15 and 16 the response of the 
photo-detectors to reflected Blue light from the surface 1 70 is read out. 
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The process will repeat during each consecutive group of 15 dock pulses. 

It has been found advantageous for pulses 1, 5, 9 and 13 to be redundant as far as 
read-out of the photodiodes is concerned, since although the LEDs switch ON and 
OFF instantaneously, there is a short rise time associated with photodiode operation 
and the short period of time between the arrival of pulses 5 and 6 (9 and 10, and 13 
and 14), gives the photodiodes a chance to respond to the new light level incident 
thereon as each of the LEDs is turned on in turn. In this way the photodiodes will be 
in a steady-state condition when their output signals are read out 

Figure 17 shows one channel of a three channel signal amplifier for amplifying and 
shaping the signals from the photodiodes 172, 174 and 176. Two MC33274 quad 
op-ampiifier devices 204, 206 are employed, one channel of each being left unused. 

Corresponding amplifiers in each of 204, and 206 are connected in series with 
feedback via resistor networks 208, 210 and 212, 214 being applied to the inverting 
input signal of each amplifier. Adjustment of the values allows the signal gain of 
each channel to be varied, if necessary, to balance up the output signal levels from 
the photodiodes. An input resistor 216 and shunt capacitor 218 connects each 
photodiode to its respective amplifier input Capacitor 218 is typically InF. 

The amplified photodiode output signals are applied to three inputs of the multi- 
channel A/D convertr of the data acquisition board (not shown) type DT7102. 

Suitable photodiodes are TSL 252. 

The LEDs are selected to produce monochromatic light of 654mm (Red), 574mm 
(Green) and 472mm (Blue). As described above they are flash-illuminated 
repetitively in a cycle. 



0231780A2 J_ > 



WO 02/31780 



PCT GB()I/II45<»'> 



39 

The repetition rate of the cycle is 12.5 KHz if a ciockpuise rare cf 200KHz is 
employed. This is software controlled by a computer via a data acquisition card 
producing a iCCkHz signal. The L£Ds are chosen to give as good a match for as 
many optima! measurement wavelengths (as in Table 2) as possible. 

Light scattered and reflected by the surface of 170 is collected simultaneously by 
the three photodiode units 1 73, 1S0 and 182 spaced at scattering angles of 45°, 90° 
and 110° from the LEDs, each of which is focused on the illuminated portion of the 
surface. The scattering angles of the photodiodes are chosen to be as close as 
possible to the optimal detector angles given above, given also the practical 
considerations of their physical size and mounting. The amplified voltages 
generated from the three photodiodes are converted to digital values using an 
acquisition card (not shown) after which the three output signal values can be stored 
in a computer (not shown). 

The computer is then used to process the recorded data to determine whether a 
particular material is present in or on the surface, and whether or not it is in the 
required quantity. This is done using one of three programs, each subjecting the 
photo-detector output signal values to one of three different algorithms, thereby 
performing one of three different methods, detailed as follows: 

Method I 

This gives a simple linear measure of the quantity of a non-pearlescent OVM 
present on a substrate using just two LEDs and two of the photodiodes at scattering 
angles of. 45° and 110°. The two LEDs used are chosen according to the properties 
of the OVM to be looked for, as detailed in Table 2. The method can only determine 
if the one material type is present on the substrate, and may be confounded if two or 
more OVMs are present. Using just the red and green LEDs to detect, say, ink 
Sample 1, the technique proceeds by calculating the value of M using the 
algorithm:- 
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In a first calibration step, the photodiode amplifier gains are adjusted to compensate 
for any alignment differences, so that R 110 = R45. 

The constant A can then be set. A is a constant that is adjusted to compensate for 
differences between the responses of the two photodiodes to the illumination 
wavelength. It is found by illuminating matt white paper, and adjusting the value of 
A until M is reduced to zero. 



When a substrate printed with a non-pearlescent OVM ink is illuminated instead 
there will be a difference between the values of (R110-R45) and A # (Gno-G 4 5) giving 
rise to a non zero value for M. The magnitude of M for any given ink relates to the 
quantity of the ink on or in the substrate. Matt substrates (e.g. white paper, 
coloured card) do not produce these differences, giving rise instead to R 110 being 
very close to R45 and Gn 0 being very close to G45, thus resulting in a zero or near 
zero value, for ML 

If the value of M is sufficiently greater than zero to indicate that the non-pearlescent 
OVM ink is present, the actual value of M can be compared with a threshold value t 
(found by experiment using different concentrations of the OVM concerned and 
observing values of M). A look-up table of values of M can be assembled from such 
data if desired, to provide indications of concentration in relation to measured values 
of M. 

If the value of M is less than a particular value (i.e. is too close ' j zero) it is not 
necessarily true to assume that this corresponds to a very low concentration of the 
particular OVM, since this may indicate that no OVM is present and the actual value 
of M is merely due to errors, resulting in a non-zero value of M, when it should 
actually be zero. 
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A flow char: of the icgic and decisions to be performed by a computer to determine 
whether a particular OVM is present Is set cur In Figure IS. 

This particular method has been describee earlier, in relation to Figure 6, where it 
has been shown that A/D conversion is not necessary, and simple analogue 
techniques may be employed to determine if the photo-detector output sianals 
indicate if a particular OVM is present. The foregoing illustrates how a general 
purpose detector incorporating more LEDs and photodiodes than are actually 
necessary to perform Method I, using a Data acquisition card with A/D conversion 
and a computer, can also be used to- perform the same method. 

Method 11 

This method identifies OVM inks by examining the relationship of the ratio of one 
colour with respect to another reflected by a particular OVM ink, as a function of 
increasing amount of ink printed on or otherwise applied to a white substrate. It is 
also useful for discriminating between specific ink group types irrespective of the 
quantity of ink printed. 

Although many combinations of LED illumination wavelengths are possible, 
measurements using just red and green LEDs but inspecting reflected light at three 
different angles, allows many of the samples in Table 2 to be differentiated between, 
using just two LEDs and three photodiodes. 

Samples 8, 9 and 10 cannot be discriminated between using just red and green 
LEDs, but a similar technique utilising either red and blue, or blue and green LED 
combinations, allows these inks to be identified. 

Figure 19 shows graphs of logarithms computed for the red-green ratios (or hue 
values) themselves calculated for a wide variety of different ink samples detailed in 
Table 2. The red-green ratios (or hue values) h 01 , h 02l .h 03 are calculated after 
removing background light (measurements D<»s, D 90 & Duo), as follows: 
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ho, = h45=(FU5-D45)/(G45-D45) 
hs2 = h9C = ( R9O-D9G)/ ( Ggo-Dgo) 

^03 = hiio=(Riio-Diio)/(Giio-Diio) 

Figure 20 is a schematic representation of the decision matrix of Figure 19. This can 
be best uderstood by considering a system set up so that reflected Red light gives 
small h 0 i h 02 and h 03 whereas reflected Green light gives larger values of h 0i h 02 
and h03. 

For a non-pearlescent OVM, light leaving the surface at a low scatter angle will tend 
to look green, and will thus produce a high h 01 value whereas light at a larger 
scattering angle will tend to look Red and produce a low h^. 

Thus for such an OVM, h 0 i > h 03 . 

Specular reflection (somewhere between the two scattering angles considered 
above) will tend to be more Red than Green, so that h 02 will normally be between 
h 0 i and h 0 3. 

For a pearlescent OVM, light leaving the surface at large and small angles of scatter 
will tend to white, thus h 0 i and h 03 will both tend to unity. However light due to 
specular reflection will posses more colour and h 02 will diverge from unity. 

For example if the light reflected at high and low scatter angles is a very pale red 
(i.e. more white than red) the specular reflection will look very red and h 02 will be a 
small value < 1 . 

Therefore in this case: 
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< hei and h G2 < h 03 , 
where hoi and h e3 both tend to be just less than unity. 

In an alternative example where the reflected light at the high and low scatter angles 
is a very pale green (i.e. more white than green), h 01 and'h 02 are again very close to 
unity (albeit this time slightly greater than unity), and the specular reflection will look 
very green, and the value of h 02 will be large - and certainly larger than h 01 and h 03 . 

Therefore in this case: 

h 02 > h 0 i and h 0 2 > h 0 3, 

For a glossy ink, let us consider a system set up so that reflected Red light give 
small values for h 01 , h 02 and h 03 whereas reflected Green light gives high values for 
h 0 i, h 02 and h 0 3. 

Here a glossy Red ink will yield small values for h 01 and h 03 at large and small 
scatter angles whereas specular reflection will tend to look white, so that h 02 will be 
larger than both h 0 i and h 03 . 

Conversely if the ink is a glossy Green ink, then it will look green at high and low 
scatter angles, so yielding larger values for h 01 and h 03 and specular reflection will 
tend to look white, so that h 02 will be smaller than both of h 01 and h 03 . 

A flow chart of the logic and decisions required to be performed by a computer to 
discriminate between non-pearlescent OVM, pearlescent OVM, and other inks is 
shown in Figure 21. 

A measure, Q, of the quantity of ink (i.e. concentration) in or on the white substrate, 
can be calculated using the values of R45, G45, D45 etc. as follows:- 
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Q = (ln([R45-D45j/TG45-D 45 ])-ir2 
+ ()n([R=c-D sc ]/[Ggo-D S c])-ir2 
+ (in([Rno-D, io]/[Giio-Di 10 ])-1) A 2 

Method III 

This method is suitable for characterising and discriminating between several 
individual OVM inks provided the LED output wavelengths are selected for the 
particular individual inks. In fact the technique is not restricted to OVM inks and 
works equally as well with' matt and glossy inks. It uses nearest neighbour 
classification, and may be confounded if the ink to be detected has not been printed 
in sufficient quantity. This latter problem can be overcome, at least in part by 
performing two or more classifying calculations in parallel for different ink quantities. 
Likewise alternative ink types can be detected more reliably by performing additional 
classifying calculations in parallel. 

Figure 22 lists the logic steps and decisions needed of a computer to classify one 
OVM ink printed at a particular density. 

First the relative hues for each scatter angle are calculated from the recorded data 
after removing background light: 

r45=(R45-D45)/(R45+G4S+B 45 -3*D4 5 ) 

g45=(G45-D45)/(R45+G45+B 4 5-3*D45) 

b45=(B45-D45)/(R45+G45+B45-3*D45) 

r9o=(R9o-D9o)/(R9o+G9o+B 9 o-3*D9o) 

g9o=(G 9 o-D 9 o)/(R9o + G9o+B 9 o-3*D9o) 

b 9 o=(B9o-D9o)/(R9o+G 9 o+B9o-3*D9o) 

ri 1 o=(Ri 1 o-D, io)/(Rj io+Gn o+Bi 10 -3*D, 10 ) 

giioKGiio-DnoVCRno+Gno+Bno^Dno) 

bnoKBiio-DnoV^no+Gno+Bno^Dno) 
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These are then compared with relative hues from a pre-measured specimen sample 
of the' ink identical to that desired to be detected. Assume that the ore-recorded 
hues of the specimen ink are denoted as a- pde , y 43: asQ , g so , rsc . a . :0s p.... y . tofor 
the hues of r«, &s, b«, r x , g-x, b sc , r : . :0: gv.o and b 11G respectively. The comparison 
is achieved using a nearest neighbour classifier according to vector distance 
mathematics. Put simpiy the value of N is computed using the following equation:- 

N = (r45-a45) 2 +(gd5-P4s) 2 +(b45-Y4s) 2 
+ (r9o-a 9 o) 2 +(g9o-P9o) 2 +(b 9 o-r9o) 2 
+ (nio-ai 1 o) 2 +(gno-(3iio) 2 +(biio-yiio) 2 

If the calculated value of N is below a certain threshold L, that is N < L, then it can 
be said that the desired OVM ink has been detected and exists on the substrate in 
the correct quantity (density). Different ink quantities, or qualities, or tvpes can be 
looked for simultaneously using different data sets of values for a^, 345, y45 , a90 , j3 90 . 
Y90, aiio, P110 and yi 10 pre-measured from appropriate specimens. 

The methods and apparatus described herein may be employed for article 
authentication, quality control of sheet material having and OVM applied to its 
surface, and to document sorting. 

Thus a method of article authentication wherein genuine articles are coated over at 
least part of their surface with a known OVM comprises the step of illuminating an 
article in accordance with any of the methods claimed herein and selecting the 
scattering and photo-detector angles and the wavelengths of the illuminating light in 
accordance with the OVM which should be on the article, and comparing the output 
signal value produced by the method against a look-up table (having at least one 
value therein) to generate an authentication or rejection signal depending on the 
value of the output signal. 
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Such a method can be used to authenticate a passport, and ID card, a driving 
licence, a banknote., a bend, a share certificate, a postage stamp, or any other 
security document. 

Thus a method of checking the quality of the printing or coating of at least part of a 
substrate surface so as to deposit a particular OVM thereon comprises the step of 
illuminating the part of the surface which has been printed or coated with the OVM 
and investigating the reflected light in accordance with a method as claimed in any 
of claims 18 to 103 and generating a pass or fail signal depending on the value of 
the output signal generated by the method. 

The printed substrate can be sheet material which has been or is being, or will be 
printed, to form one or more security documents. 

The security documents may be banknotes in which the OVM is applied to some or 
all of the surface of the sheet material before during or after it is printed to create the 
banknotes. 

Apparatus adapted to print or -coat a specific OVM to sheet material may be 
combined with apparatus as described herein adapted to generate a pass or fail 
signal depending on the value of the output signal produced by the apparatus as 
printed or coated sheet material moves relative thereto. 

Document sorting apparatus for sorting documents according to whether a particular 
OVM is in or on the surface of the document may be combined with apparatus as 
described herein adapted to generate a first control signal if the value of the output 
signal generated by the apparatus for a specific document indicates the particular 
OVM is present thereon and a second control signal if the output signal indicates no 
OVM to be present, and supplying a route controlling signal to the routeing 
apparatus to route the specific document to one of two destinations depending on 
whether a first or second control signal is generated by the apparatus. 
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Sample Number 


J^i/t? Oh served at Various I'leiving Angles 
















t — ^ 

_er. 




Orange / Pink 


Green 


i Blue 




Purple 


Orange 


Green 


4 


uOiu 


Go id 


! Gold 


5 


White 




v/hue 


5 


White 


Pink 


White 


7 


Silver 


Gold 


Silver 


8 


White 


Lieht Violet * 


White 


9 


Light Green 


Light JRed 


Light Green 


10 


Light Yellow 


Light Violet 


Light Yellow 


11 


Light Pink- 


Apple Green 


Light Pink 


12 


Purple 


Orange / Green 


Green 



Table 1 - General visual properties of sample inks. 



XXIO: <WO 023t780A2_l_> 



WO 02/3 1780 



PCT /GB0t/045ti9 



4S 



Sample. Number 


Ink Type 


I Gptir-zi Detection ; 5e^. r Wavelength 
Ane'.ez S, \ 


1 j ov 


0°. {35 3 


550am, 6i0am 


2 


ov 


0°, ;35 3 


520nm, 600nm 


3 


ov 


0*, 135° 


5cOnm, 660nm 


4 


(Metallic) 






5 


Pearlescent 


0°/135°&90° 


500nm, 700nm 


6 


Pearlescent 


0°/135° & 90° 


525am, 640nm 


7 


Pearlescent 


0°/l35*& 90* 


525111^ 650nm 


8 


Pearlescent 


0°/I35* & 90° 


460nm, 600nm 


9 


Pearlescent 


0°/i35 & & 90* 


510nm, 700nm 


10 


Pearlescent 


0°/l35° & 90° 


460nm, 580nm 


11 


Pearlescent 


0°/135° & 90° 


SOOnm, 700nm 


12 


OV 


0*, 135° 


550nm, 650nm 



Tabic 2 - Optimal detector angles for 4ff incident beam and 
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White ccc- oaoer 'ma:t' — ' • • - , 1 - . r: 

r^SAl^.R^rA 1 ^^ ; i 1 . j | 0396 .03 1 ! ' - ~-~ 

Pink calendar card ':nau: l l*" 7 ^ f= '< y-li- T i ";"7.Ti ."1 " ",""= - V i ■' "a- . *V-% 

*eilc>v caenear cara ? racu . . > ; •- ,5 , ■ j j ., : . ~ ; / n - 1 5 ' > . ^ , , ~ , , " 


_Qrange calendar card (matt) 1 J 7290 firt 0139] 

SSi£.?..S3^ J i. 009 5 (=0.0037 ) ~ 

!ZZX3.:^^ 

Light blue card f matt) f Q 9343'i : ^) 00- ^ 


1 1 i*lt\ /"-~A A 1 4 O \ 
1 A.1 ") 1 /juA AA"?"^- 

..V " • — -■•v'J .- 
ft J * 1 Q r'-i-A flrtli? t 


_l..;itS j (i0.0.-!4i>) 
» U , 4 i =u t 2 ) 
j U 96 i 7 {=0 0 ioo> 


Li ght green card (man) j 0. 9464 • -0 004 " ) 


(~U.LHj40) 


1 0.9843 (±0.0049) 


Dark blue folder card (matt) 
Green folder card (matt) 


1 0 9561 ( -0 0 ' 
0 9510 ; — 0 008 i ) 


J 0 Q4Q9 ^-A-rt Afiv?7\ 


1 A < "7"7 / t a a l n\ 

l.lO/ / ^iU.U142) 

A rv^r^TA /■» /^i /*>j"vrt»\ 


Brown folder card (matt) 


1 1789 (±0 0116) 


1 119^ Am C\ 


1.1142 (±0.0124) 


Yellow pages paper (matt) 


1 0S4 1 f-L-0 0^ £0 

1 0179 (±0 O'W) 


1 CiAOd f±C\ f\1C\^\ 


1.0566 (±:0.0291} 


News paper white (matt) 
Envelope brown (matt) 




| Maroon thesis cover (matt) 


1 1^32 (±0 0067) 
3.6571 (±0.0226) 


1 n>5£l /*4-AA1QA\ 


1.1086 (±=0.006d) 
2.7122 (±0.0214) 


Light red book cover (glossy) 




I. /LOO (±0.1 111) 


3.3564 (±0.1539) 


Dark green book cover (giossv) 




A 1AO"7 n a "> i*> 1 


0.7391 (±0.0559) 


SyQuest blue cover ( 2los<rv) 




1 A »1 1 O A 1 *> 'I \ 






a ^aaa f+c\ aha^a 


U.5 / / D (^0. 16D2) 


0.7179 (±0.0491) 


Yellow pages cover (glossy) 


1 01 7 R Al 


A O 1 O 1 /.^A AT 


1.0j91 (^O.Olo^) 


Almniniurn casing ([brushed) 


0 9667 /-tO 01 

U.7UVJ. \ u,Ul_*T J 


u.yi4y (±0.0 lo4) 


LQ2P..S0.0134) 


• Beige computer casing (glossy) 


0.9752 (±0.0100) 


A 0 4 1 /"i A f\"~\ ^ /" \ 




1.0909 (±0.0719) 


U.o4zo (±U.U437) 


1.0513 (±0.0443) 


Red RS cover (giossv) 


6.8S76 (±0.1043) 


1 H&H /-kA AQOA> 

1. / /ov (±u.uyvu) 


6.o304 (±0.2472) 


- Blue RS cover (glossy) j 


0.5966 (±0.0109) 


0 /'4-A A^Q1\ 


(±0.028 /) 


., White .j^fc.(g!pjgrjj) 

Bright red giossy leaflet : (glossy) " 


J3.9925 (±0.0049) 

T«38(i5!iT49r 


1 090^ /'-l-A 0 7£fU 
i.yxuj liU.uiou) 


1 AAAA f ' A AA'" ^ \ 
i^UUUU (±0.00^4^) 


Sample #1 (OVM) 


1.7432 (±0.0354) 


0.8049 (±0.0215) 


0.6916 (±0.0205) 


Sample #2 (OVM) 


0.6244 (±0.0108) 








1.8609 (±0.0425) 


0.7646 (±0.0228) 


0.6472 (±0.0167) 


Sample #4 (Metallicpaint) 


1.2685 (±0.0238) 


1.0945 (±0.0309) 


1.3196 (±0.0320) 


Sample #5 (Pearlescent ink) 


1.0458 (±0.0104) 


0.8622 (±0.0127) 


0.9492 (±0.0120) 


Sample #6 (Pearlescent ink) 


_1 .0690 (±0.0136) 


1.0349 (±0.0130) 


1.0562 (±0.0142) 


Sample #7 ^eariescen7uik) 


1.0465 (±0.0114) 






Sample #8 (Pearlescent ink) 


1.0260 (±0.0077) 


1.0450 (±0.0127) 


1.0897 (±0.0111) 


Sample #9 (Pearlescent ink) 


1.0181 (±0.0106) 


1.0325 (±0.0259) 


1.0864 (±0.0154) 


Sample #10 (Pearlescent ink) 


1.0024 (±0.0090) 






Sample # i 1 (Pearlescent ink) 


0.9759 (±0.0095) 


0.7457 (±0.0152) 


0.9062 (±0.0121) 


_ _ Sample #12 (Banknote OVM) 


1,2573 (±0.0428) 


0.8908 (±0.0168) 


0.8872 (±0.0259) 




(Standard deviations in bra 


ckets) 



3 - Hue ratios measured by the computerised sensor for different inks. 
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CLAIMS 

1. A method of detecting the presence of a non-pearlescent OVM in or on a 
surface, comprising the steps of illuminating the surface at a first angle to the 
surface and detecting and determining the frequency spectrum of scattered light in 
two different directions from the surface, one direction subtending an angle to the 
surface (a second angle) which is substantially different from the said first angle and 
is substantially parallel to the plane of the surface, and the other direction 
subtending an angle to the surface (a third angle) which is substantially closer to the 
said first angle than the said one direction. 

2. A method as claimed in claim 1 in which the angle of the one direction to the 
surface (the second angle) is in the range 1° to 15° and the angle made by the other 
direction to the surface (the third angle) is within 10° of the said first angle. 

3. >Tmethod as claimed in claim 2, wherein the said second angle is 10° and the 
third angle equals the said first angle. 

4. A method of determining the presence of a pearlescent OVM in or on a surface 
comprising the steps of illuminating the surface at a first angle and firstly detecting 
and determining the frequency spectrum of substantially direct specular reflection 
from the surface, and secondly detecting and determining the frequency spectrum of 
scattered light leaving the surface at an angle which is different from that at which 
direct specular reflection occurs. 

5. A method as claimed in claim 4, wherein the second detection is of forwardly 
scattered light. 

6. A method as claimed in claim 5, wherein the forwardly scattered light is detected 
at an angle to the said surface which is in the range 1° to 15°. 
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7. • A method as claimed in claim 5, wherein the angle is 10°. 

3. A method as claimed in claim 4. wherein the second detection is of back 
scattered light. 

S. A method as claimed in claim 3, wherein the back scattered light is detected at 
an angle within 10° of the direction in which illuminating light is projected towards 
the surface. 

10. A method as claimed in claim 9 wherein the back scattered light is detected at 
substantially the same angle as that which the illuminating light makes to the said 
surface, 

11. A method as claimed in any of claims 1 to 10, wherein the two detections are 
performed simultaneously. 

12. A method as claimed in any of claims 1 to 10, wherein the two detections are 
performed in succession one after the other. 

13. A method as claimed in claim 12, wherein a single detector is employed, which 
is moved between the two positions to allow light which is being reflected from or 
scattered by the surface in the different directions of interest to be intercepted. 

14. A method as claimed in any of claims 1 to 10, wherein a plurality of detectors is 
provided each fixed in position to intercept reflected or scattered light as 
appropriate, and the detectors are separately interrogated either one after the other, 
to provide a succession of intensity values, or simultaneously to provide a 
corresponding plurality of intensity values. 

15. A method as claimed in any of claims 1 to 14, wherein the spectral 
determination of the light incident on the or each detector is performed by the 
detector by choice of a suitable photo-sensitive element or a combination of one or 
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more filters and at least one photo-detector which will supply different signals cr 
different values of a parameter of a signal, depending cn the wavelength of light 
incident thereon. 

16. A method as claimed in claim 15, wherein the illuminating light is white light. 

17. A method as claimed in any of claims 1 to 14, wherein the illuminating light is 
made up of two or more distinct monochromatic components having different 
(known) wavelengths. 

18. A method of determining if a surface contains a specific OVM comprising the 
steps of: 

(1) illuminating the surface using light containing two substantially 
monochromatic components of wavelength Ai and A 2 , 

(2) detecting the intensity of scattered light from the surface at two scattering 
angles 0^ and 0 2 selected according to the OVM of interest, 

(3) computing the magnitude of the difference between the intensity values for 
Ai fight at 01 and 0 2 less the difference between the intensity values for A 2 
light at 01 and 0 2 , and 

(4) generating an output signal indicating the presence or absence of the 
specific OVM depending on the computed difference magnitude relative to 
a predetermined value. 

19. A method as claimed in claim 18, wherein the computed difference magnitude 
is compared with a predetermined value to generate a first output signal value 
indicating the presence of the specific OVM, if the computed magnitude is at least 
as great as the predetermined value, or a second output signal value indicating that 
the specific OVM has not been detected, if the computed magnitude is less than the 
predetermined value. 

20. A method as claimed in claim 18 or 19, wherein the surface is illuminated by the 
two monochromatic components simultaneously. 
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21. A method as claimed in claim 13 or 19, wherein the surface is illuminated 
separately first with monochromatic light cf cne waveiercth and then with 
monochromatic light cf the other vvaveiencth. 

22. A method as claimed in claim 21, wherein detection is performed by a sina'e 
detector which is moved between two positions so as to receive light 
reflected/scattered from the surface first at one and then the ether of the two angles 
0i and 0 2 . 

23. A method as claimed in claim 21, wherein detection is performed by means of 
two detectors which are positioned so as to receive light from the surface along the 
directions dictated by <Z\ and 02. 

24. A method as claimed in claim 22 which includes the step of modifying the 
values of signals from the one detector by signal amplification of the detector output 
signals at the two different positions to take account of any inherent differences in 
intensity of the originating illuminations incident on the surface due for example to 
different intensity levels and/or any misalignment of the sources of the Ai and A 2 
light. 

25. A method as claimed in claim 23, wherein the values of the signals from one or 
both detectors is modified by signal amplification to take account of any inherent 
differences in the responses of the two detectors to light of given intensity incident 
thereon, and any misalignment of the detectors, 

26. A method as claimed in any of claims 18 to 25 which includes a calibration 
procedure in which the light is projected towards and the reflected/scattered light is 
received from, a non OVM containing matt white surface. 

27. A method as claimed in any of claims 18 to 26, wherein the absolute value of 
the computed difference is compared with a range of possible values, the different 
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values in the range corresponding to differing concentrations of the scecific OVM in 
cr cn the surface under test. 

28. A method as ciaimed in any of claims 13 to 27, wherein the light projected onto 
the surface is cotlimated. 

29. A method as claimed in any of claims 23 to 28, wherein the signals from each 
detector are gated or addressed in synchronism with the changing wavelength of 
the illuminating light, so that during each gating or addressing period the wavelength 
of the incident light is known and there is no light of the other wavelength present to 
confuse matters. 

30. A method as claimed in any of claims 18 to 29, wherein the difference 
magnitude M is computed in a way which compensates for variations in intensity 
between one wavelength component and the other, variations due to misalignment, 
and variations between detector responses, using the following equation: 

M = |(K,Ri - K 2 R 2 ) - A*(KiGi -K 2 G 2 )l 

where R and G represent the reflectance signal intensity values outputted by the 
photo-detectors at the illuminations of Ai and A 2 respectively, the subscripts of R and 
G denoting measurements made by the two photo-detectors at the scattering angles 
of 0i and 02, and Ki and K 2 are calibration constants to allow for misalignment and 
differences in the detector responses at 01 and 0 2 scattering angles, and A is a 
scalar constant which normalises the detector responses and alignment relative to 
the At and A 2 illuminations. 

31. A method as claimed in claim 30, wherein the calibration constants Kj and K 2 
are set by adjusting the gain of the detector output signal amplification, 

32. A method as claimed in claim 30 or 31 , wherein generation of a YES/NO output 
signal is achieved by comparing the computed value of M with a predetermined 
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value i, itseif cerived by computing M from a surface containing a known minimum 
concentration of the OVM of interest. 

33. A rr : e:hca as claimed in cieim 30 or SI further comprising the step of 
determining the value of M for each of a plurality of samples each containing the 
same OVM but at different concentrations per unit area, and storing same as a 
range of values of T : for comparison with computed values of M from surfaces 
having an unknown concentration of the OVM thereon. 

34. A method as claimed in any of claims 30 to 33 in which calibrating the detector 
involves the steps of inserting a plain matt white surface in place of the surface to be 
tested, and adjusting the values of Ki and K 2 so that K1R1 = K 2 R 2 = 1, and adjusting 
scalar A to give M = 0. 

35. A method as claimed in claim 34 comprising the steps of substituting the white 
surface with a sample having a printed or coated surface, and checking for the 
presence of the specific OVM, by comparing the computed magnitude of M with the 
predetermined threshold value T, and generating a YES output . signal if the 
magnitude of M is equal to or greater than T and a NO output signal if the 
magnitude of M is less than the threshold T. 

36. A method as claimed in claim -30, 31 or 32 further comprising the steps of 
storing different values of T corresponding to different known OVM, for use with 
different combinations of Ai, A 2 , 01, and 0 2t each unique to a particular OVM. 

37. Apparatus adapted to perform any of the methods as claimed in claims 1 to 36. 

38. Apparatus by which an output signal is generated indicative of the presence of 
a specific OVM in or on a surface under test comprising: 
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1. A light source which produces and projects along a projection axis 
monochromatic Sight at each of two wavelengths Ai and k? selected according tc 
the specific OVM of interest; 

2. Means for locating the surface under test to receive the light with the 
projection axis at a specific angle to the surface; 

3. Two photodetectors, the first of which is located to receive light reflected at 
a first scattering angle 0^ and the second of which is located so as to receive 
fight reflected at a second scattering angle 0 2 , from the surface, each 
photodetector producing an analogue signal indicative of the intensity of light 
incident thereon; 

4. Means for amplifying the signals from the photodetectors; 

5. Means for computing the value of the magnitude of the difference between 
the amplified intensity values for A1 light reflected/scattered from the surface at 
01 and 02 less the difference between the amplified intensity values for A 2 light 
at 01 and 0 2 ; 



6. Means for generating an output signal dependent on the magnitude of the 
computed difference value to indicate the presence of the materia! on the 
surface. 



39. Apparatus as claimed in claim 38 wherein the illumination intensities and/or the 
gains of the amplifying means are adjusted to calibrate the apparatus, during a 
calibration step. 

40. Apparatus as claimed in any of claims 37 to 39, wherein the light source 
comprises a pair of LED's, one of which emits near monochromatic light at or near 
Ai and the other of which emits near monochromatic light at or near A 2 , and the light 
from the two LED's is projected along a common axis. 
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41. Apparatus as ciaimed in any of ciains 37 to 40 wherein the angle of incidence 
of the light upon the surace is at or close to 45 degrees. 

42. Apparatus as claimed in any of claims 37 to 41 further comprising collimatrng 
means by which the projected light is collimated. 

43. Apparatus as claimed in any of claims 37 to 42 wherein the photo-detector 
means comprises a pair of photo-diodes. 

44. Apparatus as claimed in claim 43 wherein each photo-detector is associated 
with a lens for focusing light onto the diode. 

45. Apparatus as claimed in claim 44 wherein the lens has ah aperture which is 
optimised to limit the angular range of scattered light incident on the detector, but 
allows appropriate and practicable levels of light through to the photo-detector. 

46. Apparatus as claimed in any of claims 40 to 45 further comprising a pulsed 
power, supply for powering the two LED's such that the two LED's are operated 
alternately. 

47. Apparatus as claimed in claim 46 wherein the repetition rate of the two LED's is 
greater than 1 KHz. 

48. Apparatus as claimed in claim 47 wherein the repetition rate is less than 1MHz. 

49. Apparatus as claimed in any of claims 37 to 48 wherein the apparatus and 
computing means are electronically hard wired, or the detector means supples 
signals to, and is controlled by, a computer with a suitable interface and data 
acquisition card. 
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50. Apparatus as claimed in any cf claims 37 to 43 comprising analogue signal 
amplifying means and an analogue to digital converter (ADC) for supplying digital 
signals to the computing means. 

51. Apparatus as claimed in claim 50 wherein the analogue signal amplifying 
means and the ADC are provided on .the interface or on the data acquisition card or 
in the apparatus. 

52. Apparatus as claimed in any of claims 37 to 51 further comprising comparison 
means for generating a YES/NO signal indicating if the particular OVM is present if 
the computed difference value is greater than a predetermined value obtained using 
a test sample surface having a known concentration of the OVM therein or thereon, 

53. Apparatus as claimed in any of claims 37 to 51 further comprising memory 
means having stored therein a range of possible values for the computed difference 
magnitude corresponding to different concentrations per unit area of the specific 
OVM of interest in or on the surface and comparator means whereby the computed 
difference magnitude for an unknown surface is compared with the range of values 
in the memory means to determine the best match and from a look-up table the 
concentration of the OVM on the surface. 

54. A method of determining values of Ai and A 2 and 01 and 0 2 for a specific OVM 
comprising the steps of interrogating light reflected/scattered by a surface containing 
the OVM of interest at different angles to the surface, recording the results of such 
tests at the different angles and determining therefrom two wavelengths and two 
angles which give best reflection/scatter for those wavelengths, as being unique to 
surfaces containing that OVM. 

55. A method of determining if a surface contains a specific material comprising 
the steps of: 
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(1) detecting the intensity of the light reflected or scattered by ire surface at a 
tnird angle Q 3f such that 0-. corresponds to back scattered liqht, S 2 
corresponds to a near specular reflection, and 0 3 corresponds to light 

. leaving the surface at a glancing scattering angle, 

(2) generating three output signals by computing hue ratios h©-.. h C c and h S3 , 
using the pairs of intensity values from each of the three detectors for the 
two monochromatic Ai and A 2 components of illumination, and 

(3) comparing the computed hue ratios with a predetermined group of three 
stored values, obtained by experiment, to generate a final output signal 
whose vaiue depends on the comparison. 

56. A method as claimed in claim 55 wherein the intensity values from the photo- 
detectors are adjusted to compensate for background light by measuring and storing 
the photo-detector output signal value when a surface is present but no Ai or A 2 
illumination is incident thereon, and deducting the stored value from intensity values 
produced by the photo-detectors when subjected to Ai or A 2 reflected/scattered light. 

57. A method as claimed in claim 55 or 56 wherein the angles are selected as being 
01 = 45°, 0 2 = 90° and 0 3 = 1 1 0° 

58. A method as claimed in claim 57 wherein values of Ai and A 2 are selected so 
that different groups of three hue values will arise depending on whether the coating 
or ink in or on a surface under test is a pearlescent OVM, a non-pearlescent OVM, 
or a non-OVM substance, and in the case of the latter to distinguish between matt 
and glossy coatings. 

59. A method as claimed in claim 58 wherein two values for Ai and A 2 which enable 
such identification to occur are: Ai= 654nm and A 2 = 574nm. 
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60. A method of assembling groups of three hue values typical of different surface 
noting and storing in a look-up memory in groups of three., the three hue r atio values 
for surfaces containing different (known) coatings or inks ; each group of three 
vaiues having stored therewith or linked thereto data indicating the material 
producing those three values. 

61 . A method of determining the materia! present in or on a surface for which three 
hue ratios h 01 , h 02 and h 0 ? are determined using the method of ciaim 55 as 
between a matt ink, a glossy ink, an OVM ink, and a peariescent OVM ink by 
checking the hue ratios against the following criteria: 

(i) h 0 i, h02 and h 0 3 are substantially constant with scattering angle (indicating a 
matt ink), 

(ii) h 0 i, h 02 and h 0 3 tend to unity (indicating a glossy ink), 

(iii) hei, h 02 and h 0 3 decrease with increasing scattering angle, and the 
decreases tend to be substantial (indicating an OVM ink), 

(iv) specular reflection comprises a saturation colour and the h 02 ratio diverges 
from unity (indicating a peariescent OVM ink), 

62. A method as claimed in any of claims 55 to 61 in which the angle of incidence 
of the illuminating light on the surface is at or near 45° 

63. A method as claimed in claim 62 wherein the illuminating light is collimated. 

64. Apparatus adapted to perform the method of claim 55, comprising: 

(1)a light source which produces and projects along a projection axis 
monochromatic light at each of two wavelengths Ai and A 2l 
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(2) platform means for locating a scriacs under test thereon ic receive the 
light, with the orojection a;<;s at a specific angle to the surface. 

(3) three phcic-detectors located relative to the pisiform so as to separately 
receive reflected/scattered light from a surface thereon at three different 
angles 0 h 0 2l and 0 3 , where 01 corresponds to back scattered light, 0 2 to 
near specular reflection and 0 3 to light leaving the surface at a shallow angle ( ' 
a glancing scattering angle), 

(4) means for amplifying the signals from the photo-detectors, 

(5) means for computing the ratio of the response of each photo-detector to 
the two different wavelengths in the reflected/scattered fight incident thereon 
after taking background light into account, 

(6) comparator means for comparing the three ratio values so obtained with at 
least one set of three stored values, and generating an output signal 
dependent on the comparison. 

65. Apparatus as claimed in claim 64 wherein the photo-detector output signals 
are adjusted for background illumination before the hue ratios are computed. 

66. Apparatus as claimed in claim 65 wherein background intensity level signal 
values are obtained by noting each photo-detector output signal value with the 
surface in place but when no A} or A 2 illumination is present, and means is provided 
for storing the background intensity level output signals. 

67. Apparatus as claimed in claim 65 further comprising . computing means 
whereby the stored value is deducted from subsequent output signals from each 
photo-detector obtained signal value when the surface is illuminated by Ai and A 2 
illumination. 
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68. Apparatus as claimed in any cf claims 64 :c 57 in which the detectors, light 
scarce and computing means are electronically hare wired, 

69. Apparatus as claimed in any cf claims 64 to 67 wherein the illuminating and 
detecting means are hard wired and supply signals to, and are controlled by, a 
computer with a suitable interface and data acquisition card. 

70. Apparatus as claimed in any of claims 64 to 69 further comprising analogue 
signal amplifying means for amplifying intensity signals from the photo-detectors. 

71. Apparatus as claimed in claim 70 further comprising analogue to digital 
converter (ADC) means adapted to convert the amplified signals to digital signals for 
computation by the computing means and/or storage. 

72. Apparatus as claimed in any of claims 64 to 71 wherein the comparator means 
generates either a YES/NO signal in response to the comparison depending on 
whether or not the three computed values are similar to three stored values, or an 
identification signal indicating which of a plurality of groups of stored values (each 
comprising a group of three such values) the three computed values most closely 
correspond. 

73. A method of identifying the presence of a particular type of material on a 
printed or coated surface, comprising the steps of: 

1. Illuminating the surface at a pre-set angle to the surface with substantially 
monochromatic light at three wavelengths Ai, A2 and A3 selected in accordance 
with the particular type of material, 

2. Detecting light reflected from the surface at three different angles 0 1f 0 2 and 
0 3l one of which 0 2 corresponds to near specular reflection and the other two of 
which are selected in accordance with the particular type of material and are at or 
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near to these at which the illumination wavelengths give good reflecxanc- 
changes for the particular type of rraisria! : 

3. Computing three hue values from the intensity values determined by each 
detector for each of the three monochromatic illumination components A 1; A 2 and 
A3 respectively, thereby to produce nine hue values relating to the surface, 

4. Comparing the nine hue values so obtained with a stored group of nine hue 
values, obtained by performing the method on a surface containing a particular 
concentration of the particular type of material, and 

5. Generating a final output signal whose value depends on the comparison. 

74. A method as claimed in claim 73 wherein the hue values are computed after 
taking into account and' adjusting the photo-detector output signals for any 
background illumination. 

75. A method as claimed in claim 74 wherein the outputs are corrected for 
background illumination by noting the photo-detector output signals with the surface 
present but in the absence of any A 1f A 2 or A 3 illumination, and storing the output 
signals for each of the three detectors for deduction from the output signal values for 
the respective detectors when the surface is illuminated by the Ai, A 2 and A3 
illuminations. 

76. A method as claimed in any of claims 73 to 75 wherein the final output signal is 
a binary signal and has one value only if identity or near identity is obtained by the 
comparison, thereby indicating that the particular type of material is present. 

77. A method as claimed in any of claims 73 to 75 wherein the comparison is 
performed by calculating the nearest neighbour classifier using the nine stored hue 
values for the particular material. 
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78. A method as claimed in claim 77 wherein the nearest neighbour classifier is 
computed by summing the squares of the differences between the computed hue 
values and stored hue values and comparing the sum with a threshold, wherein in 
the case of identity the value of the sum is zero and near identity situations are 
identified if the magnitude of the sum is less than a small numerical value selected 
for the threshold. 

79. A method as claimed in any of claims 73 to 78 wherein computation of the nine 
hue vaiues r^ g<,i etc., for the three detectors receiving reflected/scattered light at 
the angles 0 1f 0 2 and 0 3 at the wavelengths Ai, A 2 and A 3 , each of which produces 
an intensity value in the detector output of R +1 , G +1 , B + i, R* 2| G +2 , B* 2) R^, G43, and 
B* 3 respectively, and where the background illumination produces an intensity value 

D^etc., in the detector output, is achieved by using the equations:- 

r*i = ( R + i-D + i ) / ( R41 + G*i+ B +1 - 3D + i .) 
g +1 = ( G + i-D*i ) / ( R*i + G + i+ - 3D*, ) 
b t1 = ( B +1 -D + i ) / ( R#i + G + i+ B +1 - 3D*! ) 
1*2 = ( R +2 -D +2 ) / ( R*2 + G* 2 + B +2 - 3D* 2 ) 
9*2 = ( G^D* ) / ( R* 2 + G* 2 + B* 2 - 3D* 2 ) 
b* 2 = ( B +2 -D* 2 ) / ( R*2 + G* 2 + B +2 - 3D +2 ) 
f>3 = ( R*3-D* 3 ) / ( R*3 + G +3 + B^ 3 - 3D +3 ) 
9*3 = ( G*3-D*3 ) / ( R*3 + G* 3 + B* 3 - 3D^ 3 ) 
b* 3 = ( B^3-D^3 ) / ( R+3 + G* 3 + B +3 - 3D* 3 ) 

where R+i.2,3 are the Xi illuminated intensity signals from detectors at scattering 
angles of 0 t , 0 2 , and 0 3 respectively; G R2 , 3 and B^ i2 , 3 are the same but for X 2 
and A 3 illumination respectively. 
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30. A method of calibrating apparatus ccmprsinc the steps of performing the 
method of claim T 9 using a surface containing a given concentration of the oahicular 
material c r * interest and computing the S va;ues r. o1 . g 6: etc.. and storing the 
computed vaiues as Ci, c^, G3. j2-; , p2, ps, y*u V'3- 

81. ' A method as claimed in claim 80 wherein the method is repeated and the 
results stored for each of a plurality of surfaces containing different known 
inks/coatings. 

82. A method of computing a nearest neighbour value E using values obtained 
from the equations of claim 79 and values stored using the results of the method of 
claim 81 by using the equation: 

E = (r 41 -ai) 2 + (g^i^i) 2 + (b^- Yl ) 2 
+ (i> 2 - ct 2 f + (g* 2 - P2) 2 + (b* 2 - y 2 ) 2 
+ (r*3 - a 3 ) 2 + (g^3 - Pa). 2 + (b* 3 - 73) 2 

83. A method of determining if a particular material is present in or on a surface 
under test and noting the value of E. 

84. A method of determining which of a plurality of possible materials exist in or on 
a surface comprising pre-storing different groups of a, p, y values for different pre- 
measured samples and performing nearest neighbour threshold classification using 
each of the stored a, p, y value sets, in the equation of claim 82, until the lowest 
value of the sum is obtained, indicating the best match, and generating an output 
signal indicative of the material characteristic of the group of a, p, y values so 
identified. 

85. Apparatus adapted to perform the method of claim 83 comprising: 
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(1) three monochromatic light sources producing light of A,i X? and a 3 
waveiengths, the particular wavelengths being selected in -elation to the 
material to be identified, 

(2) means for projecting the light at a particular angle towards a support means 
on which a sheet of material the surface of which is to be investigated can be 
laid, the angle being selected in relation to the material to be identified, 

(3) three photo-detectors arranged relative to the support means to receive 
reflected/scattered light along three different directions therefrom, the 
directions being selected in relation to the material to be identified; 

(4) computing means adapted to receive intensity signals from the three 
detectors and compute therefrom nine hue values corresponding to ratios of 
intensity signal values and combinations of such signal values, from each 
detector; 

(5) memory means adapted to store at least one set of nine hue values 
obtained by using a sheet of material containing at least in or on the surface 
thereof the material which is to be looked for in other surfaces, 

(6) comparison means for comparing computed and stored hue values to 
generate an output signal depending on the comparison. 

86. Apparatus as claimed in claim 85 wherein the hue values are computed after 
taking into account and adjusting the photo-detector output signals for, any 
background illumination. 

87. Apparatus as claimed in claim 85 or 86 wherein the comparison means 
comprises a computing means adapted to compute the sum of the squares of the 
differences between the computed and stored hue values. 
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68. Apparatus as claimed in claim S5 ! S6 or 87 wherein the projection angle is 45v 

3S. Apparatus as claimed in any cf claims 55 to -83 further comprising coilimating 
means to coliimate the projected light. 

90. Apparatus as claimed in claim 85 wherein each phcto-detectcr comprises a 
photo-diode. 

91. Apparatus as claimed in claim 90 wherein lens means is provided for focusing 
reflected/scattered light from the surface onto each photo-diode. 

92. Apparatus as claimed in claim 91 wherein the lens means has an aperture 
which is selected so as to limit the angular range of scattered light which will reach 
its associated photo-detector. 

93. Apparatus as claimed in any of claims 85 to 92 wherein each of the 
monochromatic light sources is an LED. 

94. Apparatus as claimed in any of claims 85 to 93 which includes a pulsed power 
supply for the LED's, such that the three LED's are operated alternately in series, 
with an off period to allow background light to be measured. 

95. Apparatus as claimed in claim 94 wherein the repetition rate of the LED's 1 KHz. 

96. Apparatus as claimed in claim 94 or 95 wherein the repetition rate is less than 
1MHz. 

97. A method of determining the presence of a particular material especially an 
OVM on or in a surface comprising performing any two of the methods claimed in 
any of the preceding claims on the surface and noting the results obtained from the 
two methods, and generating a final output signal indicating the material is in or on 
the surface depending on the results obtained from the two methods. 
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98. A method as claimed in claim S7 wherein the two methods are performed in 
parallel sc that the results obtained by performing the two methods are available at 
substantially the same point in time to enable a final classification signal to be 
produced. 

99. A method as claimed in claim 97 wherein the two methods are performed one 
after the other in quick succession, and the resu!t(s) of the first method to be 
performed is/are stored for combining with the result(s) from the second method to 
be performed, to produce the final classification signal. 

100. A method of article authentication wherein genuine articles are coated over at 
least part of their surface with a known OVM comprising the step of illuminating an 
article in accordance with any of the methods claimed herein and selecting the 
scattering and photo-detector angles and the wavelengths of the illuminating light in 
accordance with the OVM which should be on the article, and comparing the output 
signal value produced by the method against a look-up table (having at least one 
value therein) to generate an authentication or rejection signai depending on the 
value of the output signal. 

101. A method as claimed in claim 100 wherein the article comprises a passport, an 
ID card, a driving licence, a banknote, a bond, a share certificate, a postage stamp 
or any other security document. 

102. A method as claimed in any of the preceding method claims wherein only part 
of the surface carries the OVM and the area of the spot of light formed thereon by 
the illuminating light is no larger than the said area. 

103. A method as claimed in claim 102 wherein at least the said area of the surface 
is maintained flat and at an appropriate angle to the illuminating light beam. 

104. A method of checking the quality of the printing or coating of at least part of a 
substrate surface so as to deposit a particular OVM thereon, comprising the step of 
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illuminating the port of the surface which has been printed or coated with the OVM 
and investigating the reflected iicht In accordance with a method as claimed ir a-/ 
of claims 13 to 103 and generating a pass cr fail slgnai depending on the vaiue o J 
the output signai generated by the method. 

105. A method as claimed In ciaim 104 wherein .the printed substrate is sheet 
material which has been or is being, or will be printed, to form one or more security 
documents. 

106. A method as claimed in claim 105 wherein the security documents are 
banknotes and the OVM is applied to some or all of the surface of the sheet material 
before, during or after it is printed to create the banknotes. 

107. -A method as claimed in either of claims 105 and 106 wherein the sheet 
material is moving relative to the LED and photodiode detector assembly at a linear 
speed of the order of 20 metres per second. 

108. Apparatus adapted to perform the method as claimed in any of claims 97 to 
107. 

109. A printing or coating apparatus adapted to apply a specific OVM to sheet 
material in combination with apparatus as claimed in any of claims 37 to 53, 64 to 
72, or 85 to 96 adapted to generate a pass or fail signal depending on the value of 
the output signal produced by the apparatus as printed or coated sheet material 
moves relative thereto. 

1 10. A document sorting apparatus by which documents can be sorted according to 
whether or not a particular OVM is present in the surface of each document in 
combination with apparatus as claimed in any of claims 37 to 53, 64 to 72, or 85 to 
96 adapted to generate a first control signal if the value of the output signal 
generated by the apparatus for a specific document indicates the particular OVM is 
present therein and a second control signal if the output signal indicates no OVM to 



:nr.in- <wo 0231730A2 1 > 



WO 02/31780 



PCTC BO 1/0456?) 



70 

be present and supplying a routs controlling signal to the routeing apparatus to 
route the specific document to one of two destina: ; ons depending on whether a first 
or second control signai is generated by the apparatus. 
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OVM on the surface. Methods and apparatus arc described for document authentication and identification, coating quality control 
and document sorting, by employing the methods and apparatus described. 



ZCID: <WO 023i?80A3J_> 



WO 02/03 1 780 A3 IHHIMIIIRMMIIHMB 



($3) Dare of publication of the international search report: 

13 March 2(X)5 



for ruto-leiier codec and other abbreviations. "O'er to the "Guid- 
ance \oies on Cues and . -I bbr?\ unions " appfarm? at t/:c begm- 
nm<: "-'each ri"?:dar issue .v -Ju PCT Oazcuc 



jSDCCID: <WO O231780A3_l_> 



INTERNATIONAL SEARCH 1 REPORT 



PCT7GB 01/04569 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 G07D7/12 



according to !m=meiional P^te m ~;assifica:l:n '.'P'Z) or ?o bo'h naiicnal classification and 1FC 
£. F'ELOS SEA RCHED 

IPC 7 a37D • 



Documentation searched other man minimum documentation Jo Ihr- c>;t;ni .hat such documents are included in the fields searched 



Electronic data base consulted lurmg ;he -nternat tonal search (name oi aa;a oasa and, wn«r5 practical, searcn terms used 

PAJ, EPO-Internal , INSPEC, COMPENDEX 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 


Category ° 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant lo claim No. 


X 

X 
X 


PATENT ABSTRACTS OF JAPAN 

vol . 018, no. 653 (M-1720), 

12 -December 1994 (1994-12-12) 

& JP 06 255234 A (PRINTING BUREAU MINISTRY 

OF FINANCE JAPAN) , 

13 September 1994 (1994-09-13) 

abstract; figures 1-4 

US 4 710 627 A (BALTES HEINRICH P ET AL) 
1 December 1987 (1987-12-01) 
figures 1-5,8 

US 5 929 998 A (K0LB MATTHIAS ET AL) 

27 July 1999 (1999-07-27) 

column 9, line 5-15; claims 1-3; figure 4 

-/-- 


1,4-16, 

102,103, 

109,110 

1-3 

1-16, 
97-99 


X Further documenls are listed in the continuation of box C. [)( J Patent family members are listed in annex. 


* Special categories of cited documents : »t« later document published after the international filing dale 

or priority dale and not in conflict wilh the application but 
"A* document defining the general state of the art which is not Q tet j lo understand the principle or theory underlying the 

considered to be of particular relevance invention 
"E" earlier document but published on or after the international «x* document of particular relevance; the claimed invention 

filing date cannot be considered novel or cannot be considered to 
■L' document which may throw doubts on priority claim(s) or involve an inventive step when the document is taken alone 

which is cited to establish the publication date of another -y ciocument of particular relevance; the claimed invention 

citation or other special reason (as specified) cannot be considered to involve an Inventive step when the 
•O* document referring lo an oral disclosure, use, exhibition or document is combined wilh one or more other such docu- 

other means ments. such combination being obvious to a person skilled 

•P" document published prior to the international filing date but ' n tne arL 

later than the priority date claimed document member of the same patent family 


Dale of the actual complelion of the inlernational search 

18 November 2002 


Dale of mailing of the international search report 

0 6. 12. 02 


Name and maiBng address of the ISA 

European Patent Office, P.B. 5818 Patentlaan 2 
NL- 2280 HV Rijswijk 
Tel. {+31-70) 340-2CWO. Tx. 31 651 epo nl. 
Fax: (+31-70) 340-3016 


Authorized officer 

Mason., W 



Form PCT/ISW21 0 (second sheet) (July 1992) 



page 1 of 3 

XX ID: <WO 02317SOA3J_> . 



INTERNATIONAL SEARCH REPORT 



In ii Aoplicatjon No 

PCTBB 01/04569 



C(Continuation) DOCUMENTS CONSIDERED TO 9E RELEVANT 


Category * 


Caation of document, with indication, wnere approcrtate, or -he relevant passages 1 Relevant to claim No. 


A j 


WO 97 01156 A (SECR DEFENCE ; LEWIS KEITH J 
LODER (SB)) 9 January 199/ (199/-Ui-09? } 
page 9, line 20 - line 23; claims 1,4; j 
figures 1A,1B ! 


1-110 


A 


US 0 113 Sj3 A uaIIOG KlITH L hi A^; 
5 September 2000 (2000-09-05) 
claims 1,8,14; figures 4,6 


64~li0 


A 


US 4 592 090 A (CURL BARRY J cl AL; . 
27 May 1986 (1986-05-27) 
claim 1; figure 3 


iin 
i IU 


A 


US 4 484 797 A (KNOP KARL H hi AL; 
27 November 1984 (1984-11-27) 
claim 1; figures 1,6,8 




A 


US 3 916 168 A (MCCARTY WILLIAM H ET AL) 
28 October 1975 (1975-10-28) 
claim 1; figure 1 


110 


A 


PATENT ABSTRACTS OF JAPAN 

vol . 1999, no. 02, 

26 February 1999 (1999-02-26) 

& OP 10 310727 A (NISSHINB0 IND INC;NIPP0N 

PAINT CO LTD), 

24 November 1998 (1998-11-24) 
abstract 


11U 


X 


WO 99 48042 A (CUMMINS ALLISON CORP) 
23 September 1999 (1999-09-23) 
figures 12,22,23 


cr\ fin 


X 


US 5 933 520 A (A0YAGI TAKESHI ET AL) 
3 August 1999 (1999-08-03) 
figure 18 


cr\ co £.1 


A 


EP 0 718 808 A (NCR INT INC) 
26 June 1996 (1996-06-26) 
figure 3 


60,62,63 


X 


EP 0 554 115 A (CANON KK) 
4 August 1993 (1993-08-04) 
column 12; figures 8,42 
column 27-28 


60,62,63 


A 


EP 0 917 112 A (LAUREL BANK MACHINE CO) 
19 May 1999 (1999-05-19) 
column 6; figure 1 


60,62,63 


A 


US 5 027 415 A (HARA KAZUHIRO ET AL) 
25 June 1991 (1991-06-25) 
column 2-3 

_/__ 


60,62,63 



Fcxm PCT/JSA/210 (continuation ot second sheet) (July 1992) 



page 2 of 3 



SiSDOCID: <WO 0231780A3_I_> 



INTERNATIONAL SEARCH REPORT 



PC'PGB 01/04569 



C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 




Category " 


Citation of cocumem. wiln «iK3tcat ion, where appropriate, of me relevant passages 





£? 0 .506 d~9 A (CANON ICO 

50 Seotamber 1992 (1992-09-30) 

cage 12, line 40 -cage 13, line J 

PATENT ABSTRACTS OF JAPAN 

vol . 1993. no. 05. 

30 April 1998 (1998-04-30) 

5 JP 10 003501 A (GLORY LTD). 

6 January 199b (1993-01-06) 
abstract 



60 . 62 , 6' 



60.c2.63 



Form PCT/1SA/210 (continuation ol second sheol) (July 1992) 
OCIO: < WO . .023 1 7SOA3J 



page 3 of 3 



INTERNATIONAL SEARCH REPORT 



ationsi application No. 

PCT/GB 01/04569 



Box i Observations where certain claims were found unsearchable (Continuation of item 1 of fust sheet) 



Thri imernsilenai Search Report has net oe*n -s^rusned :r respect or certain claims under Article 1~(2>ia k for rr.~ renewing reasons: 
1. j Claims Nos.: 

because they relate to subject matter not rect-ired to ce searched oy rhiS Auironty. namely: 



2. I Claims Nos.: . l k 

because they relate to pans of the international Aopiication that do not comply with the prescribed requirements to sucn 

an extent that no meaningful International Search can be carried cut, specifically: 



3 * ^ ^ because^mey are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 



Box H Observations where unity of invention is lacking (Continuation of item 2 of first sheet) 



This Internationa) Searching Authority found multiple inventions in this international application, as follows: 



see additional sheet 



1 • I I As a!l r9 <3 uired additional search fees were timely paid by the applicant, this International Searcn Report covers all 

LX-J searchable claims. 

2 p~l As aj] searchable claims could be searched without effort justifying an additional fee. this Authority did not invite payment 

of any additional fee. 



3 j j as only some of the required additional search fees were timely paid by the applicant, this international Search Report 
I ' covers only those claims for which fees were paid, specifically claims Nos.: 



4 I I No required additional search fees were timely paid by the applicant. Consequently , 
1 restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 



, this Internationa' ^earch Report is 



Remark on Protest 



[ | The additional search fees were accompanied by the applicant's protest. 
| % | No protest accompanied the payment of additional search fees. 



Form PCT/ISA/210 (continuation of ftrst sheet (1)) (July 1998) 



3DCCIO: <WO 0231780A3J_> 



International Application No. PCT/GB 01 £4569 



FURTHER INFORMATION CONTINUED FROM PCT.1SA/ 



This Internationa; Searching Authority found multiple (grcuc s of - 
inventions In cni-: international app ] i c~~. J on , a: follows: 

■1. Claims: 1-59, 61, 64-110 

Optical measurement of a surface at: different wavelengths 
and at different viewing angle::. 



2. Claims: 60, 62-63: 

A method of assembling and storing groups of hue values 
typical of different surfaces in a look-up memory in which 
each group has data stored or linked thereto indicating the 
material producing those values. 



INTERNATIONAL SEARCH REPORT i « ! 

) na» Application No 

formation on oatent/amiiy members ! 

| PCT.'SB 01/04569 



Patent document 


Publication 




Patent family 




j Publication 


caed in search report j 


cste 




metr oen 5} 




1 date 


JP 06255234 A 


13-C9-1994 


JF 


2741741 


B2 


22-04-1993 












3^ — 1 ?— i o o ~ 






D£ 


3173935 


Cl 


02-0^-1936 






EP 


0064102 


A2 


10-11-1932 






JP 


57173395 


A 


04-11-1932 


US 5929998 A 


27-07-1999 


DE 


19636774 


Al 


12-03-1998 






AU 


726036 


B2 


26-10-2000 






A] \ 
nil 




A 
M 








CA 


2214932 


Al 


10-03-1993 






EP 


0828144 


A2 


11-03-1993 






jp 


10101974 


A 


21-04-1998 


WO 9701156 A 


09-01-1997 


AU 


735446 




B2 




05-07-2001 






AU 


6131796 


A 


22-01-1997 






CA 


2224731 


Al 


09-01-1997 






FP 


UOJ4 lDy 


A 1 








wo 


9701156 


Al 


09-01-1997 






GB 


2317448 


A ,B 


25-03-1998 






JP 


11508073 


T 


13-07-1999 


US 6113338 A 


05-09-2000 


US 




5653927 


A 


05-08-1997 






AU 


691757 


B2 


21-05-1998 






AU 


6162696 


A 


30-12-1996 






CA 


2223447 


Al 


19-12-1996 






CN 


1190912 


A ,B 


19-08-1998 






EP 


0831976 


Al 


01-04-1998 








JLUDllOUJ 


•J 


iu— i l-iyyis 






jp 


3092671 


B2 


25-09-2000 






KR 


257085 


Bl 


15-05-2000 







WO 



9640449 



Al 


19-12-1996 

: 




US 4592090 A 


27-05-1986 


AT 


26892 




T 


15-05-1987 






CA 


1190651 


Al 


16-07-1985 






DE 


3276200 


01 


04-06-1987 






nir* 
Urs. 




A 

A 


Lc-vc— lyoi 






EP 


0072237 


A2 


16-02-1983 






JP 


58086679 


A 


24-05-1983 






NO 


822718 


A 


14-02-1983 


US 4484797 A 


27-11-1984 


AU 


549963 


B2 


20-02-1986 






AU 


■■■ 8760382 


A 


17-03-1983 






CA 


1188139 


Al 


04-06-1985 






CA 


1198919 


A2 


07-01-1986 






CH 


661803 


A5 


14 08-1987 






DE 


3248899 


C2 


0o-08-1987 






DE 


3248899 


TO 


07-07-1983 






ES 


514155 


DO 


01-12-1983 






ES 


8401640 


Al 


01-03-1984 






FR 


2509873 


Al 


21-01-1983 






GB 


2113421 


A ,B 


03-08-1983 






IT 


1152014 


B 


24-12-1986 






JP 


58500916 


T 


02-06-1983 






JP 


62045533 


B 


28-09-1987 






NL 


8220263 


T 


01-06-1983 






NZ 


201332 


A 


20-03-1985 






WO 


8300395 


Al 


03-02-1983 



Form PCT/1SA/210 (patent famiV annex) (July 1992) 



page 1 of 2 

^'SDOCID: <WO 023178OA3_l„> 



INTERNATIONAL SEARCH REPORT 

! !i .aJ Application No 

ormanon on patent family members 

[ PCi/GB 0i704- 5 69 



Patent document 


Publication 




Patent rarmiy 




Publication 




date 




memfcenst 


\ 


date 


US 3? 16 163 A 


AA 1 ,V 1 A7C 


■A- i 


T A u A "7 ! 


A 

r- 


: - _r> < < _ iq"*; 

i d~u~— 1 j .- 0 






C A 


* A ■ * i " ~ O 


A 1 


i . J 1 Irf 1 Cj 






DE 
r R 


- j \~r ^ ~ 


A 2 
>\ * 








— 


1460212 


\ 

n 


31-12-1976 


i 




I 7 


1 0 3 C 6 9 7 


s 


IC-04-1975 






jp 


5Q067176 


A 


05-06-1975 






Nl. 


7412753 


A 


31-04-1975 










A 
ft 


c c- — j o — i y j o 


J? 10310727 A 


O 1 11 1 nno 


Uo 




CI 
D I 




WO 9943042 A 


^ j— uy-iyyy 


Ub 


A O C A A A 7 
Oil DO 4 U / 


C 1 

b l 


Uo~ u/— cUUI 






AU 


OAQC AQQ 

ouy buyy 


A 

A 


11—1 H— 1 QQQ 






• CA 


2322821 


Al 


23-09-1999 






EP 


1068587 


Al 


17-01-2001 






JP 


2002507798 


T 


12-03-2002 






WO 


9948042 


Al 


. 23-09-1999 






Ub 


A OA 1 P. AO 


D 1 


ut>— uo £uu i 


US 5933520 A 


03-08-1999 


JP 


7264419 


A 


13-10-1995. 


EP 0718808 A 


OA AA 1 f\ft£ 

2o-uo-iyyo 


C P 

tr 


A7 1 Q Q AO 

(J/ ioouo 


A 0 


OA AA— 1 QQ A 






ID 

Jr 


O O "7 A A A O 

o2/yU42 


A 

A 


OO 1 A 1 OAA 

cd-±\j— iyyo 






ZA 


ACT A 1 AC 


A 


AA AA 1 AAA 


EP 0554115 A 


04-08-1993 


Jr 


5219353 


A 


07 no ~% AA O 






7. D 
JP 


O T A O AA O 

3193098 


D O 

B2 


OA A7 OAA1 






in 

Jr 


C O /I A OOA 

b2443o9 


A 

A 


Ol A A i on o 

zi-uy— iyy s 






. CA 


2088235 


Al 


01-08-1993 






DE 


69324290 


Dl 


12-05-1999 








rno o ^ on a 


TO 


10— uy— iyyy 






tr 


AC C/1 1 1 C 

Ubb411b 


Al 


a vi ao i nn o 






US 


6166750 


A 


26-12-2000 


EP 0917112 A 


iy-ob-iyyy 


Or 


i 1 oi O O Al 


A 

A 


HA— HQ- .1 QQQ 






C D 

tr 


A A 7 71 1 O 
Uyi /lid 


A O 

AZ 


in AC 1 QQQ 

iy-ub— iyyy 






Ub 


Ol2b9oo 


ft 

A 


HO 1 A OA A A 

Ui-lU-/iUUU 


US 5027415 A 


25-06-1991 


DE 


3917419 


Al 


07-12-1989 






GB 


2219855 


A ,B 


20-12-1989 






TP 

Jr 


OA71 OQC 

ckj / 1 oyb 


A 
A 








ip 
Jr 


£ 1 I44bU 


r 


nA-,1 O 1 QQ A 

uo— i cr~ iyyo 






ip 
Jr 


QA1 07AQ 


D 

D 


H7— HO— 1 QQA 

u/— uz— iyyo 


EP 0506479 A 


O A AA 1 AO 0 

3u-uy-iyy^ 


i p 
Jr 


O OQQQAA 

o^yoyuu 


P 0 


uo— u / £yju£ 






ip 
Jr 


yi OAO0A7 


A 
A 








ip 
Jr 


CAQO C A Q 
OUOObHO 


A 
A 


H9-n/l-1 QQ^ 

u^_ uh~ iyy o 






ip 
Jr 


CAQ1 OQ/1 

buy Lc^h 


A 
A 


no— n/i— i qq^ 
uy U4 iyy o 






r a 
LA 


£U04£DU 


Al 


^fl— HQ — 1 QQ9 

ju uy iy y c 






DE 


69217403 


Dl 


27-03-1997 






DE 


69217403 


T2 


10-07-1997 






EP 


0506479 


A2 


30-09-1992 






US 


5621503 


A 


15-04-1997 






US 


5790932 


A 


04-08-1998 


JP 10003561 A 


06-01-1998 


NONE 









Form PC T/1SA/2 tO (patent family annex) (July 1992) 
orjn- <rwn n^-. 7P^t;ai i > 



page : 2 of 2 



THIS PAGE BLANK flispro) 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 



□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHD3IT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




ED TEXT OR DRAWING 



THIS PAGE BLANK (uspto) 



